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vi PREFACE 

nature of life and organisation by concentrating on the active 
response of the animal, as manifested both in behaviour and 
in morphogenesis, particularly in the post-embryonic stages, 
than by giving attention exclusively to the historical aspect 
of structure, as is the custom of "pure morphology." I 
believe we shall only make progress in this direction if we 
frankly adopt the simple everyday conception of living things 
--which many of us have had drilled out of us--that they are 
active, purposeful agents, not mere complicated aggregations 
of protein and other substances. Such an attitude is prob- 
ably quite as sound philosophically as the opposing one, but 
I have not in this place attempted any justification of it. I 
have touched very lightly upon the controversy betxveen 
vitalism and materialism which has been revived with the 

earl), years of the present century. 
yet to historical treatment, and 
maintain with regard to it that 
should characterise the historian. 

It hardly lends itself as 
I could hardly hope to 
objective attitude which 

The main result I hope to have achieved xvith this book 
is the demonstration, tentative and incomplete as it is, of 
the essential continuity of animal morphology from the days of 
Aristotle down to our own time. It is unfortunately true that 
modern biology, perhaps in consequence of the great advances 
it has made in certain directions, has to a considerable 
extent lost its historical consciousness, and if this book helps 
in any degree to counteract this tendency so far as animal 
morphology is concerned, it will have served its purpose. 
I owe a debt of gratitude to my friends Dr James F. 
Gemmill and Prof. J. Arthur Thomson for much kindly 
encouragement and helpful criticism. The credit for the 
illustrations is due to my wife, Mrs Jehanne A. Russell. 
One is from Nature; the others are drawn fi'om the original 
figures. 
E. S. R. 
CHEI.SEA 96. 
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4 TIlE BEGINNINGS ()F C()MPAI{ATIVE ANAT()MY 
describes more than 500 kinds? Not only does he know 
the ordinary beasts, birds, and fishes with which everyone is 
acquainted, but he knows a great deal about cuttlefish, snails 
and oysters, about crabs, crawfish (l"aliltlws), lobsters, 
shrimps, and hermit crabs, about sea-urchins and starfish, 
sea-anemones .and sponges, about ascidians (which seem to 
have puzzled him not a little!). He has noticed even fish- 
lice and intestinal worms, both flat and round. Of the 
smaller land animals, he knows a great many insects and 
their larvae. The extent of his anatomical knowledge is 
equally surprising, and much of it is clearly the result of 
personal observation. No one can read his account of the 
internal anatomy of the chameleon (Hist..tiu., ii.), or his 
description of the structure of cuttlefish (Hist. AMI., iv.), or 
that touch in the description of the hermit crab (tgist. 
iv.)" Two large eyes . . . not . . . turned on one side like 
those of crabs, but straight forward "--without being con- 
vinced that Aristotle is speaking of what he has seen. 
Naturally he could not make much of the anatomy of small 
insects and snails, and, to tell the truth, he does not seem to 
have cared greatly about the minutiae of structure. He vas 
too much of a Greek and an aristocrat to care about laborious 
detail. 
Not only did he lay a foundation for comparative anatomy, 
but he made a real start with comparative embryology. 
Medical men before him had known many facts about human 
development ; ,Aristotle seems to have been the first to study 
in any detail the development of the chick. He describes 
this as it appears to the naked eye, the position of the 
embryo on the yolk, the palpitating spot at the third day, the 
formation of the body and of the large sightless eyes, the 
veins on the yolk, the embryonic membranes, of which he 
distinguished two. 

() Aristotle had various systems of classifying animals. 
They could be classified, he thought, according to their 
structure, their manner of reproduction, their manner of life, 
their mode of locomotion, their food, and so on. Thus you 
1 T. E. Lones, Arislolle's Researches in 3;atural Science, pp. 82-3, 
London, 1912. 
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sponges, was grouped with the Testacea. The first five 
groups were classed together as sauguineous, the others as 
exsanguineous, from the presence or absence of red blood. 
Besides these classes "there are," he says, " many other 
creatures in the sea which it is not possible to arrange in any 
class from their scarcity" (Creswell, loc. cir., p. 9o). 

(3) Aristotle's greatest service to morphology is his clear 
recognition of the unity of plan holding throughout each of 
the great groups. 
lie recognises this most clearly in the case of man and 
the viviparous quadrupeds, with whose structure he was best 
acquainted. In the Historia .limalium he takes man as a 
standard, and describes his exterual and internal parts in 
detail, then considers viviparous quadrupeds and compares 
them vith man. "Whatever parts a man has before, a 
quadruped has beneath ; those that are behind in man form 
the quadruped's back" (Cresswell, loc. cir., p. 26). Apes, 
monkeys, and Cynocephali combine the characteristics of man 
and quadrupeds. He notices that all viviparous quadrupeds 
have hair. Oviparous quadrupeds resemble the viviparous, 
but they lack some organs, such as ears with an external 
pinna, mamma, hair. Oviparous bipeds, or birds, also "have 
many parts like the animals described above." He does not, 
however, seem to realise that a bird's wings are the equivalent 
of a mammal's arms or fore-legs. Fishes are much more 
divergent; they possess no neck, nor limbs, nor testicles 
(meaniug a solid ovoid body such as the testis in mammals), 
nor maturate. Instead of hair they have scales. 
Speaking generally, the Sanguinea differ from man and 
from one another in their parts, which may be present 
or absent, or exhibit differences in "excess and defect," 
or in form. Unity of plan extends to all the principal 
systems of organs. " All sanguineous animals have either a 
bony or a spinous column. The remainder of the bones 
exist in some animals; but not in others, for if they have 
the limbs they have the bones belonging to them" (Cress- 
well, loc. cir., p. 60). " Viviparous animals with blood and 
feet do not differ much in their bones, but rather by analogy, 
in hardness, softness, and size" (Cresswell, loc. cir., p. 59). 



THE BEGINNINGS OF C()MPARATI\ E ANAT()MY 

Historia A,zbmliltz. Generally speaking, parts which bear 
the same name are for Aristotle homologous throughout 
the class. But he goes further and notes the essential 
resemblance underlying the differences of certain parts. He 
classes together nails and claws, the spines of the hedgehog, 
and hair, as being homologous structures. He says that 
teeth are allied to bones, whereas horns are more nearly 
allied to skin (ffist. Alim., iii.). This is an astonishingly 
happy guess, considering that all he had to go upon was the 
observation that in black animals the horns are black but the 
teeth white. One cannot but admire the way in which 
Aristotle fixes upon apparently trivial and commonplace 
facts, and draws from them far-reaching consequences. He 
often goes wrong, it is true, but he always errs in the grand 
manner. 
While Aristotle certainly recognised the existence of 
homologies, and even had a feeling for them, he did not 
clearly distinguish homology front analogy. He comes 
pretty near the distinction in the following passage. After 
explaining that in animals belonging to the sane class the 
parts are the same, differing only in excess or defect, he says, 
" But some animals agree with each other in their parts 
neither in form nor in excess and defect, but have only an 
analogous likeness, such as a bone bears to a spine, a nail to 
a hoof, a hand to a crab's claw, the scale of a fish to the 
feather of a bird, for that which is a feather in the bird is a 
scale in the fish" (Cresswell, loc. cir., p. 2). One of these 
comparisons is, hovever, a homology not an analogy, and the 
last phrase throws a little doubt upon the whole question, for 
it is not made clear whether it is position or function that 
determines what are equivalent organs. 
In the De Partibus Aniealium there occurs the following 
passage:'--" Groups that only differ in degree, and in the 
more or less of an identical element that the), possess, are 
aggregated under a single class ; groups whose attributes are 
not identical but analogous are separated. For instance, 
bird differs from bird by gradation, or by excess and defect; 
some birds have long feathers, others short ones, but all are 
feathered. Bird and Fish are more remote and only agree in 
having analogous organs; for what in the bird is feather, 
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development of the teeth (as in Ruminants) is accounted for 
by saying that the animal needs its complex stomach 
to make up for the shortcomings of its teeth ! (/ge Partibus, 
iii., I4, 674b.) Other examples of correlation were not 
susceptible of this explanation in terms of final causes. He 
lays stress on the fact, in the main true, of the inverse 
development of horns and front teeth in the upper jaw, 
exemplified in Ruminants. He explains the fact in this xvay. 
Teeth and horns are formed fl'om earthy matter in the body and 
there is not enough to form both teeth and horns, so " Nature 
by subtracting from the teeth adds to the horns; the 
nutriment xvhich in most animals goes to the former being 
here spent on the augmentation of the latter" (De Part/bus, 
iii., 2, 664 , trans. Ogle). A similar kind of explanation is 
offered of the fact that Selachia have cartilage instead of 
bone, "in these Selachia Nature has used all the earthy 
matter on the skin [i.e., on the placoid scales]; and she 
is nnable to allot to many different parts one and the same 
superfluity of material" (De ]'artiSus, ii., 9, 655 , trans. Ogle). 
Speaking generally, "Nature invariably gives to one part 
vhat she subtracts from another" (loc. cir., ii., I4, 658). 
This thought reappears again in the I9th century in 
E. Geoffroy St Hilaire's loi de balmceme,t and also in 
Goethe's writings on morphology. For Aristotle it meant 
that Nature was limited by the nature of her means, that 
finality was limited by necessity. Thus in the larger animals 
there is an excess of earthy matter, as a necessary result of 
the material nature of the animal; this excess is turned by 
Nature to good accotmt, but there is not enough to serve both 
for teeth and for horns (loc. cir., iii., , 663b). 
But there are other instances of correlation which seem to 
have taxed even Aristotle's ingenuity beyond its powers. 
Thus he knew that all animals (meaniug viviparous 
quadrupeds) with no front teeth in the .upper jaw have 
cotyledons on their foetal membranes, and that most animals 
which have front teeth in both jaws and no horns have no 
cotyledons (De GeneraNo,e, ii., 7)- He offers no explanation 
of this, but accepts it as a fact. 
We may conveniently refer here to one or two other ideas 
of Aristotle regarding the causes of form. He makes the 
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second half) is largely a comparative topographical anatomy; 
in it, for instance, he describes the venous and skeletal 
systems. 
This distinction which Aristotle drew plays an important 
part in all his writings on animals, particularly in his theory 
of development. It was a distinction of immense value, and 
is fifll of meaning even at the present day. No one has ever 
given a better definition of organ than is implied in Aristotle's 
description of the heterogeneous parts--" The capacity of 
action resides in the compound parts" (Cresswell, loc. cir., p. 
[7)- The heterogeneous parts were distinguished by the 
faculty of doing something, they were the active or executive 
[ parts. The homogeneous parts were distinguished mainly 
by physical characters (l)c Gcncrationc, i., 8), but certain of 
them had other than purely physical properties, they were 
the organs of touch (Dc Partibus, ii., , 647"). 

(6) In a passage in the De Gazcrathmc (ii, 3) Aristotle 
says that the embryo is an animal before it is a particular 
animal, that the general characters appear before the special 
This is a foreshadowing of the essential point in yon Baer's 
law (see Chap. IX. below). 
He considers also that tissues arise before organs. The 
homogeneous parts are anterior genetically to the hetero- 
geneous parts and posterior to the elementary material 
(De Parlibus, ii., I, 646b). 

(7) kVe meet in Aristotle an idea which later acquired 
considerable vogue, that of the tchelle des :trcs (or "scale of 
beings"), that organisms, or even all objects organic or in- 
organic, can be arranged in a single ascending series. The 
idea is a common one; its first literary expression is found 
perhaps in primitive creation-myths, in which inorganic things 
are created before organic, and plants before animals. It 
may be recognised also in Anaximander's theory that land 
animals arose from aquatic animals, more clearly still in 
Anaxagoras' theory that life took its origin on this globe 
from vegetable germs which fell to earth with the rain. 
Anaxagoras considered animals higher in the scale than 
plants, for while the latter participated in pleasure (when they 
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d'Izscch,logie (Euvres, i., 779) he gives a long table, headed 
" Id6e d'une Echelle des 6tres naturels," and rather resem- 
bling a ladder, on the rungs of which the following names 

appear 

MAN. Tube-vorms. STONES. 
Orang-utah. Clothes-moths. Figured stones. 
Ape. I NSECTS. Crystals. 
Q UADRUPEDS. Gall insects. SALTS. 
Flying squirrel. Taenia. Vitriols. 
Bat. Polyps. METALS. 
Ostrich. Sea Nettles. HALF-METALS. 
BIRDS. Sensitive plant. SULPHURS, 
Aquatic birds. PLANTS. 
Amphibious birds. Lichens. Bitumens. 
Flying Fish. EARTHS. 
FISH. Moulds. Pure earth. 
Creeping fish. Fungi, Agarics. WATER. 
Eels. Truffles. AIR 
Water serpents. Corals, and Corallolds. 
SERPENTS. Lithophytes. FIRE. 
Slugs. Asbestos. 
Snails. Talcs, Gypsmns. More subtile matter. 
SHELL FISH. Selenites, Slates. 

The nature of the transitioual forms which he inserts 
betxveen his principal classes shmv very clearly his entire 
lack of morphological insightthe transitions are functional. 
The positions assigned to clothes-moths and corals are very 
curious! The whole scheme, so fantastic in its details, xvas 
largely influenced by Leibniz's continuitv_philosophy, and is 
m no xvay an mprovement on the older and saner Artstoteltan 
scheme. 
Robinet, in the fifth volume of his book De la nature 
(76-6), foreshadows the sommvhat similar views of the 
German transcendentalists. "All beings," he writes, "have 
been conceived and formed on one single plan, of which they 
are the endlessly graduated variations: this prototype is the 
human form, the metamorphoses of which are to be considered 
as so many steps towards the most excellent form of being."  

 For a good historical account of the gradation theories see 
Thienemann's paper in the Zoologische Annalen (Wiirzburg) iii., pp. I85- 
274, x91o, from which the quotation from Robinet is taken. 
C 
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Quadrupeds, Cetacea, birds, amphibians and fish are as 
unlike as possible in external form and in the shape of their 
limbs; but they all resemble one another in their internal 
organs. Let the internal organs change, however--the ex- 
ternal parts will change infinitely more, and you will get 
another animal, an animal of a totally different nature. 
Thus an insect has a most singular internal economy, and, 
i consequence, you find it is in every point different from 
any vertebrate animal. 
In this contrast, on the whole justified, between the 
importance of variations in the "vegetative" and variations 
in the "animal" parts, one may see without doing violence 
to Buffon's thought, an indication of the difference between 
homology and analogy. It is usuall), in the external parts, 
in the organs by which the animal adapts itself to its 
environment, that one meets xvith the greatest number of 
analogical resemblances. This contrast_of vegetative_and 
animal parts and their relative importance .for the discovery 
of affinities was at any rate a considerable step towards an 
analysis of the concept of unity of plan. 
"I"o Xavier Bichat (77-8o2) belongs the credit of work- 
ing out in detail the distinction drawn by Aristotle and Buffon 
between the animal and the vegetative fimctions. Bichat 
was not a comparative anatomist; his interest lay in human 
anatomy, normal and pathological. So his views are drawn 
chiefly from the consideration of human structure. 
He classifies functions into those relating to the individual 
and those relating to the species. The functions pertaining 
to the individual may be divided into those of the animal 
and those of the organic life3 " I call anima! life that order 
of functions which connects us with surrounding bodies; 
signifying thereby that this order belongs only to anilnals" 
(p. lxxviii.). Its organs are the afferent and efferent nerves, 
the brain, the sense-organs and the voluntary muscles; the 
brain is its central organ. " Digestion, circulation, respira- 
tion, exhalation, absorption, secretion, nutrition, calol-ification, 
or production of animal heat, compose organic life, whose 
principal and central organ is the heart" (p. lxxix.). 
The contrast of the animal and the organic life runs 
 Analomie G&tgralc, Paris, 8o, Eng. trans. I824. 
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tissues had a deeper sig.nificance than any separation into 
organs, for to each tissue must be attributed a vie 
propre, an individual and peculiar life. "When we study 
a function ve must consider the complicated organ which 
performs it in a general vay ; but if we would be instructed 
ira the properties and life of that organ we must absolutely 
resolve it into its constituent parts."1 The tissues have, too, 
a great importance for pathology, for diseases are often 
diseases of tissues rather than of organs. 2 

 ,4pmh,mh" Gdm:rale, Eng. trans., i., p. lviii. 
e Loc oiL, i., sect. vii. 
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organism, is the fundamental one at the base of all Cuvier's 
work. Before him men had recognised more or less clearly 
the harmony of structure and function, and had based much 
of their work upon this unanalysed assumption. Cuvier 
was the first naturalist to raise this thought to the level of 
a principle peculiar to natural history. " It is on this mutual 
dependence of the functions and the assistance which they 
lend one to another that are founded the laws that deter- 
mine the relations of their organs; these laws are as inevit- 
able as the laws of metaphysics and mathematics, for it is 
evident that a proper harmony between organs that act one 
upon another is a necessary condition of the existence of the 
being to which they belong." a 
1" This rational principle, peculiar to natural history, Cuvier 
calls the principle of the conditions of existence, for the 
following reason :--" Since nothing can exist that does not 
fulfil the conditions which render its existence possible, the 
different parts of each being must be co-ordinated in such a 
way as to render possible the existence of the being as a 
whole, not only in itself, but also in its relations with other 
beings, and the analysis of these conditions often leads to 
general laws which are as certain as those which are derived 
from calculation or from experiment."  
-- By "conditions of existence" he means something quite 
different from whit is nov commonly understood. The 
idea of the external conditions of existence, the environment, 
enters very little into his thought. He is intent on the 
adaptations of function and organ within the living creature-- 
a point of viev rather neglected noxvadays, but essential for 
the understanding of living things. The very condition of 
existence of a living thing, and part of the essential definition 
k.sf it, is that its parts work together for the good of the whole. 
The principle of the adaptedness of parts may be 
used as an explanatory principle, enabling the naturalist 
to trace out in detail the interdependence of functions 
and their organs. When you have discovered hoxv one 
organ is adapted to another and to the whole, you have 
gone a certain way towards understanding it. That is 
 Lefons d'Anatomie Combarde, i., p. 47. 
"-' Le Rg',ote 1nimal, i., p. 6, 1817. 
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yet at any one geological level the species, the lines of 
descent, are all distinct from one another. 1 
Cuvier recognised very clearly that there is a succession 
of forms in time, and that on the whole the most primitive 
forms are the earliest to appear. Mammals are later than 
reptiles, and fishes appear earlier than either. _As Depdret 
puts it, "Cuvier not only demonstrated the presence in the 
sedimentary strata of a series of terrestrial faunas super- 
imposed and distinct, but he was the first to express, and that 
very clearly, the idea of the gradual increase in complexity 
of these faunas from the oldest to the most recent" (p. lO). 
He did not believe that the fauna of one epoch was 
transformed into the fauna of the next. He explained the 
disappearance of the one by the hypothesis of sudden 
catastrophes, and the appearance of the next by the 
hypothesis of immigration. He nmvhere advanced the 
hypothesis of successive new creations. " For the rest, when 
I maintain that the stony layers contain the bones of 
several genera and the earthy layers those of several species 
which no longer exist, I do not mean that a new creation has 
been necessary to produce the existing species, I merely say 
that they did not exist in the same localities and must have 
come thither from elsewhere." e It was left to d'Orbigny to 
teach the doctrine of successive creations, of which he 
distinguished twenty-seven ( Cours dldmeutaire de jahwontologic 
stratigra?hique, 1849). 
Cuvier, however, can hardly have believed that all species 
were present at the beginning, since he does admit a 
progression of forms. Probably he had no theory on 
the subject, for theories without facts had little interest 
for him. At any rate it is a mistake to think that Cuvier 
wa----supporter of the theological doctrine of special 
creation. His philosophy of Nature was mechanistic, and 
he dedicated his Rcchcrches sur los Osscmos Fossilcs to his 
friend Laplace. He admitted the idea of evolution at least 
so far as to conceive of a development of man from a savage 

 See C. Depdret, Les transformations du [onde animal, Paris, 9o7, 
and G. Steinmann, Die geologischen Gwndlagen der Abstammungslehre, 
Leipzig, 9o8. 
e Rccherches, i., p. 8 I. 
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to a civilised state. 1 He refised to accept the extravagant 
evolutionary theory of Demaillet and the somewhat confused 
theory ;f Lamarck (whom he joins with Demaillet), = just as he 
rejected the transcendental theories of Geoffroy St Hilaire, 
because they seemed to him not based upon facts. 
'20ssczens Fossi/es, i., p. 26. 



CHAPTER IV 

GOETIIE 

SCIENCE, in so far as it rises above the mere accumulation 
of facts, is a product of the mind's creative activity. 
Scientific theories are not so much formulae extracted 
from experience as intuitions imposed upon experience. 
So it was that Goethe, who was little more than 
a dilettant@ seized upon the essential principles of a 
morphology some years before that morphology was accepted 
by the workers. 
Goethe is important in the history of morphological 
method because he was the first to bring to clear conscious- 
hess and to express in definite terms the idea on which 
comparative anatomy before him was based, the idea of the 
unity of plan. \Ve have seen that this idea was af-mihar to 
Aristotle and that it was recognised implicitly by all who 
after him studied structure comparatively. In Goethe's time 
the idea had become ripe for expression. It was used as a 
guiding principle in Goethe's youth particularly by Vicq 
d'Azyr and by Camper. The former (I748-I794) , who 
discovered" in the same year as Goethe (I784) the inter- 
maxillary bone in man, pointed out the homology in 
structure betveen the fore limb and the hind limb, and 
interpreted certain rudimentary bones, the intermaxillaries 
and rudimentary clavicles, in the light of the theory that 
Vertebrates are built upon one single plan of structure. 
"Nature seems to operate always according t an original 
and general plan, from which she departs with regret and 
1 See Kohlbrugge, "Hist. krit. Studien tber Goethe als Natur- 
forscher, ' Zool. Annalen. v., t93, pp. 83-23L 
'-' Or re-discovered, according to Kohlbrugge. 

45 
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other structure xvas man himself, we see that in seeking after 
an abstract generalised type Goethe vas reaching out to a 
new conception. The fact that only the structure of man 
and the higher animals vas at all well-known in his time 
led Goethe to think that his general Typus would hold for 
the lower animals as xvell, though it was to be arrived at 
primarily from a study of the higher animals. All he could 
assert of the entire animal kingdom was that all animals 
agreed in having a head, a middle part, and an end part, 
with their characteristic organs, and that accordingly they 
might, in this respect at least, be reduced to one common 
Typus. Goethe's knowledge of the lower animals was not 
extensive. 
Though Goethe did not work out a criterion of the 
homology of parts with any great clearness, he had an 
inkling of the principle later developed by E. Geoffroy St 
Hilaire, and called by him the " Principle of Connections." 
According to this principle, the homology of a part is 
determined by its position relative to other parts. Goethe 
expresses it thus :" On the other hand the most constant 
factor is the position in which the bone is invariably found, 
and the function to which it is adapted in the organic edifice."  
But from this sentence it is not clear that Goethe understood 
the principle as one of form independent of function, for he 
seems to consider that the homology of an organ is partly 
determined by the function which it performs for the whole. 
He wavers between the purely formal or morphological 
interpretation of the principle of connections and the 
functional. We find him in the additions to the tz,uf 
(1796), saying :" We must take into consideration not 
merely the spatial relations of the parts, but also their 
living reciprocal influence, their dependence upon and action 
on one another." 2 But in seeking for the intermaxillary 
bone in man he xvas guided by its position relative to the 
maxillaries--it must be the bone between the anterior 
ends of the maxillaries, a bone whose limits are indicated 
in the adult only by surface grooves. 
As a matter of fact Goethe's morphological views are 
neither very clearly expressed nor very consistent. This 
 Cotta ed., p. 478.  Loc. oil., p. 49 I, 
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the fact that living things seem simply varieties of one 
common type. 
" If we once recognise," says Goethe, " that the creative 
spirit brings into being and shapes the evolution of the more 
perfect organic creatures according to a general scheme, is it 
altogether impossible to represent this original plan if not 
to the senses at least to the mind... ?" 1 
Such an interpretation of the unity of plan reaches 
perhaps beyond the bounds of science. 

 Cotta ed., ix., p. 49 o. 
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speaking, only a single animal. ''1 The "single animal" is 
simply the generalised type. 
.- Having laid down his two principles Geoffroy goes on to 
apply them to the difficult case of the comparison of the 
skeleton of fish with theskeleton of the higher Vertebrates. 
"Ny present task is to demonstrate that there is no part of 
the bony framework of fishes that cannot find its analogue in 
the other vertebrated animals."  It seems at first sight that 
many bones are peculiar to fish, formed expressly for 
performing the functions which fish do not share with higher 
animals. These are the bones connected with respiration-- 
the operculum, the branchiostegal rays, the branchial arches, 
and others. That the peculiar bones should be connected 
with the respiratory functions is only natural, for the contrast 
between fish and higher Vertebrates is essentially a contrast 
between water-breathing and air-breathing animals. Con- 
sidering first the general form of the skeleton in fish, we are 
met at once with a difficult3- ; there is no obvious homologue 
in fishes of the neck, the trunk, and the abdomen of higher 
animals. What apparently corresponds to the trunk is in 
fishes crowded close up under the head. But, after all, it is 
not of the essence of the vertebrate type to have the trunk 
and the abdomen attached at definite and invariable distances 
along the vertebral column--that is a notion surviving from 
the anatomy which made man its type. The "trunk" differs 
in position according to the class, in quadrupeds, birds, and 
fishes (p. 9). Now, says Geoffroy, allow me this one 
hypothesis, that the trunk with its organs can, as it were, 
move bodily along the vertebral column, so as to be found in 
one class near the front end of the vertebral column, in 
another about the middle, and in a third near the end, then 
I can show you in detail that the constituent parts of this 
trunk are found in all classes to be invariably in the same 
positions relatively to one another (p. IO). It is important 
to note this hypothesis of a " metastasis" which Geoffroy 
makes, for it is the key to the understanding of many of the 
far-fetched homologies which he tries to establish. It is, ol 
course, cle.r that this hypothesis is in formal contradiction 
 l'ludes2brogressives d'un Naluralish', p. 5 o, Paris, 835. 
 Philos@hie Aalomique., i., Introduction, p. I. 
E 
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In these Darwinian days Geoffroy has reaped a little 
posthumous glory as an early believer in evolution. That 
he did believe in evolution to a limited extent is certain; 
that his theory of evolution was, as it were, a by-product 
of his life-vork, is also certain. Geoffroy was primarily 
a morphologist and a seeker after the unity .hidden under 
the diversity of organic form. His theory of evolution had 
as good as no influence upon his morphology, for he did 
not to any extent interpret unity of plan as being due to 
comtnunity of descent. Ilis morphological, non-evolutionary 
standpoint comes out quite clearly in several places in the 
l'hi/osapkie amlomique. I Ie does not derive the structure of 
the higher Vertebrates from the simpler structure of the lower, 
but when he finds in fish a part at the maximum of its 
development, he speaks of the same part, rudimentary in 
the higher forms, as being, as it were, held in reserve for use 
in the fish. Thus, speaking of the episternal in fish which 
forms the central piece of its sternum, he says, " it is a bone 
that is rudimentary in birds (one might almost add a 
bone that is held in reserve in birds for this fate) which is 
destined to form in the centre the principal keel of this new 
machine" (p. 84). Again, with reference to the homology 
of the ossicles of the ear with the opercular bones in fish, 
"employing other resources equally hidden and rudimentary, 
Nature makes profitable use of the four tiny ossicles lodged 
in the auditory passage, and, raising them in fish to the 
greatest possible dimensions, forms from them these broad 
opercula .... " (p. 85). Or you may take it the other way 
about, and start from the organisation of fishes; opercular 
bones are of no use to air-breathing animals, so they 
dwindle away, and are pressed into the service of the ear, 
although they are of little use in hearing (p. 46). 
There is here no thought of evolution; in later years, 
however, his researches upon fossil crocodilians led him to 
consider the possibility that the living species xvere descended 
from the antediluvian. For the factors of the transformation 
he refers to Lamarck's hypotheses, t In a memoir of 

 "Recherches sur l'organisation des Gavials," 3I,;m. J[us. a"Z-lis 
hal., xii., 85. 
"'- 2lI:m. llzts. d'jSrist, haL, xvii., pp. 209-29. 
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brought ill its train successive changes ill the proportion of 
the different elements of the atmosphere, it follows as a 
rigorously necessary consequence that the organisation has 
been proportionately influenced by them" (p. 76). The 
respiratory milieu changes, the species change with it, or are 
eliminated (p. 79)- \Ve may see, perhaps, ill the stress which 
Geoffroy lays upon respiration and the respiratory milieu 
a result of his constant obsession with the comparison of fish 
with air-breathing Vertebrates. 
I11 the first geological period, we read ill another Memoir 
of the same year,  when ammonites and GO/)ea flourished, 
hot-blooded animals with lungs could not exist. ".\ lung 
constructed like that of mammals and birds would not have 
been adapted to the essence of the respiratory element such 
as ill lny conception of it the systeln of the environing air 
used to be " (p. 58). 
Geoffroy does not tell us exactly how the milieu is to act 
upon the organism; the whole theory is little more than 
a sketch and a pointing out of the way for future research-- 
and ill this prophetic enough. The action of external agents 
was apparently considered as physical, and no power of 
active adaptation was ascribed to the organism. 
From a passage in the memoir "Sur la Vertbre" we 
may perhaps infer that he believed increasing complexity of 
structure to be due to a realisation of potentialities, to the 
development of parts present ill the lower animals only in 
potency -- " the organisation.., only awaits favourable 
conditions to rise, by addition of parts, from the simplicity 
of the first formations to the complication of the creatures at 
the head of the scale" (p. Ii). Evolution takes place as 
the environment allows, and in a sense in opposition to the 
environment. 
He believed in saltatory evolution, for he considered that 
the lower oviparous Vertebrates could not be transformed 
into birds by slow modification, but only by'a sudden 
transformation of their lungs, which would bring about the 
other characteristics of birds (p. 80). He considered, too, 

a [,;m. Acad. Sci., xii., pp. 43-6L I833. 
" Geoffroy's French style is at times incredibly bad, and more or less 
literal translations of his sentences are apt to read queerly! 
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Geoffroy's morphological units or materials of organisa- 
tion were in the case of the skeleton--with which his 
researches principally deal--the single bones. But the 
interesting point is that he sought his skeleton-units in the 
embryo, and considered each separate centre of ossification 
as a separate bone. Coalescence of bones originally separate 
is one of the most usual events in development, and it is an 
occurrence which, more than any other, tends to obscure 
homologies. Because of its coalescence with the maxillaries, 
the intermaxillary in man was not discovered until Vicq 
d'Azyr and Goethe found it separate iu the embryo. 
Apparently quite independently of Goethe, Geoffroy hit 
upon this plan of seeking in the embryo the primary 
elements or materials of organisation. In an earl)- paper on 
the skull of Vertebrates, 1 where he is concerned with showing 
that each bone of the fish's skull, has its homologue in 
the skull of higher Vertebrates, he is faced with the difficulty 
that the skull of the fish has more bones than the skull 
of higher Vertebrates. " Having had the inspiration," he 
writes," to reckon as man). bones as there are distinct centres 
of ossification, and having made a consistent trial of this 
method, I have been able to appreciate the correctness of the 
idea: fish, iu their earliest stages, are in the same conditions 
relatively to their development as the foetuses of mammals, 
and hence bear out the theory " (p. 344). So, too, in dealing 
with the homologies of the sternal elements (sra, p. 57) 
he treats as separate bones the "annexes" of the sternum 
in birds, though these are separate only in the young. 
If the same materials of organisation are present in all 
animals, and if they are arranged always in the same 
positions relatively to one another, how does it come about 
that animal forms are so varied, what explanation can be 
offered of the diversities of organic structure? Geoffroy's 
main answer to this question is his Loi d" bahucemc+t. The 
law was enunciated by him already in 1807.' We take the 
following quotation, which represents his thought most 
nearly, from the Cours de" l'histoh-e ,laturdle des :Ihmmi- 
fdres (1829). " According to our manner of regarding the 
i Ann. AIus. d'Hist, nat., x., pp, 342-65, ]8o7. 
" loc. cil., x., p. 343. 
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could not be compared directly, bone for bone, with the 
skeleton of higher Vertebi'ates; he had to admit differences 
of position of whole sets of organs in the two groups, 
he had to admit various metastases, before he could bring 
the skeleton of fish into line. And these metastases are 
due to functional reqnirements--for example, the forward 
position of sternum and thoracic organs in fish is an 
adaptation to swimming. 
- So he does not so much demonstrate the unity of plata 
of whole organisms as the unity of plan of particular 
corresponding parts of them. Thus he does not prove or 
attempt to prove that Articulates are in all points like 
Vertebrates, but simply that their skeleton is built upon 
the same plata as that of Vertebrates. The rest of the 
organs, while still comparable with the organs of Verte- 
brates, stand in different relations to the skeleton. 
An Articulate therefore, on his own showing, is not, as 
a zc, holt', built upon the same general structural plan as a 
Vertebrate. 
Further, he does not always remain true to his principles, 
for he does not establish homologies of parts entirely by 
their connections but sometimes by their functions as well. 
Thus the sternum, or rather the complex of sternal elements, 
is defined and discovered in particular cases not by its 
connections only but also by its functions. The framework 
of the gills is homologised part by part with the framework of 
the lungs, not because the relations of the frammvork to the 
rest of the skeleton are the same in fish and air-breathing 
Vertebrates, but simply because gills are considered the 
equivalents of lungsa comparison which is ptrely 
physiological. 
Even with these concessions to the functional view of 
living things, Geoffroy was unable to make good his 
contention that all animals are built upon the same plan. 
His arguments failed to carry conviction, to his con- 
temporaries, and Cuvier in particular subjected them to 
destructive, and indeed final, criticism. 
The paper, already referred to, in which Cuvier disposed 
of the transcendentalists' comparison of Cephalopods and 
Vertebrates is of great significance, for it states in the 
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of adaptation ruled the transformations of form. Geoffroy 
considered that structure determined function, that changes 
of structure, however they might arise, caused changes 
of function. " Animals," he writes, "have no habits but 
those that result from the structure of their organs; if the 
latter varies, there vary ill the same manner all their springs 
of action, all their faculties and all their actions."1 
Again, "a vegetarian rdgime is imposed upon the Quad- 
rumana by their possession of a somewhat ample stomach, 
and intestines of moderate length. ''2 The hand of the bat 
has become so modified as to constrain the bat to live in 
the air. 3 
The best example of Geoffroy's insistence upon the 
priority of structure to function, and so of hi_s purely m__orpho- 
logical attit_...__.ude, is perhaps his interpretation, already alluded 
to, of the appendages of Articulates. The segments of the 
Articulate are, he says, the equivalents of the bodies of the 
vertebrae of higher forms. "Now "from the circumstance that 
the vertebra is external, it results that the ribs must be so too ; 
and, as it is impossible that organs of such a size call remain 
passive and absolutely functionless, these great arms, hanging 
there continually at the disposition of the animal, are pressed 
into the service of progression, and become its efficient 
instruments."  The ribs become locomotory appendages. 
We may compare the similar thought that the ear ossicles 
are simply opercular bones reduced and turned to other uses. 
Geoffroy could llOt but recognise the correlation of 
structure to function, for this is a fact which imposes itself 
upon every observer. He recognised also correlation between 
functions, as when he pointed out the connection between 
increased respiration and enhanced muscular activity in birds.  
He interpreted structure at times in terms of function, the 
short, strong clavicle of the mole as all adaptation to digging, 
the keeled sternum of birds as all adaptation to flying, and so 
on. But we may say that his whole tendency vas to disregard 
function, to look upon it as subsidiary. He protests against 
arguing from function and habits to structure, as an "abuse 
1 J][(gllllllif7"eS, i,, Lefon 4, P. 17. 
o. Loc. cit., Lefon 5, P. 8. a Loc. oiL, Lefon 13, p. 6. 
a Isis, p. 39, gzo (e).  Mammifres, i. Lefon 4, p. 6. 
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doctrine of parallelism a complication enters. He observed 
that embryonic organs did not always develop in a piece, by 
simple growth, but often were formed by the union of 
separately formed parts or layers. Thus the kidney in man 
is formed by the fusion of a number of" little kidneys," and 
the spinal cord reaches its full development by the laying 
down of successive layers within it. He was greatly 
impressed with this fact, which, as a convinced believer in 
epigenesis, he used with great effect against the preformistic 
theories. "This method of isolated formation," he wrote, "is 
noticed in early stages in the thyroid, the liver, the heart, the 
aorta, the intestinal canal, the womb, the prostate, the clitoris, 
and the penis" (xi., p. 69). So, too, in the development 
of the skeleton, ossification proceeds from separate centres, 
foramina are formed by the fusion of separate bones round 
them. In his memoir, Lois d'Ostcog:ic (1819) , Serres 
established several lavs of ossification based upon this 
principle of separate formation. 1 
Hov is the fact of multiple formation to be reconciled 
with the principle of repetition, according to which organs are 
simplest in the early embryo and in the lower animals? 
But observation shows that, as a rule, the further down the 
scale you go the more divided organs become--the more 
numerous the bones of the skull, for example. There is thus 
a parallel between multiple formation of organs in the 
embryos of the higher Vertebrates and their subdivided state 
in the lower. Take, for example, the kidney. In the genus 
Fdis, and in birds, each kidney has txvo lobes, in the elephant 
four, ia the otter ten, in the ox twelve to fourteen. The 
human kidney in its development starts with about a dozen 
lobes, and the number diminishes as the kidney grows. 
Thus the permanent state of the kidney in the animals 
mentioned is reproduced by the stages of its development in 
man (xii., p. 26). 
So, too, at the second or third month the uterus of the 
human embryo is bicornuate, and afterwards passes through 
stages comparable to the adult and permanent uterus of 
rodents, ruminants, and carnivores. There is indeed a time 
in the development of the human embryo when it resembles 
 See Ridl, loc. cir., i., pp. 225-6. 



82 TIIE FOI,LOVERS OF GEOFFIIOY 

in many of its organs the adult stage of various lower 
animals. It is about this time that it possesses a tail. 
We note that Serres' theory of parallelism applies, strictly 
speaking, only to organs, not to organisms, although he, too, 
readily fell into the error of supposing that the organisation 
of an embryo could be compared as a whole with the adult 
orgauisation of an animal louver in the scale. Thus he wrote 
in one of his later papers 1__,, As our researches have made 
clear, an animal high in the organic scale only reaches this 
rank by passing through all the intermediate states which 
separate it from the animals placed below it. Man only 
becomes man after traversing transitional organisatory states 
which as'similate him first to fish, then to reptiles, then to 
birds and mammals." Serres vas not.altogether free from the 
besetting sin of the transcendentalists--hasty generalisation. 
The law of parallelism applied not only to Vertebrates 
but also to Invertebrates. In a short paper  of 8"4 Serres 
attempted an explanation of the nervous system of Inverte- 
brates. Invertebrates, he considered, lacked the cerebroo 
spinal axis of Vertebrates, and their nervous system was the 
homologue of the sympathetic system of Vertebrates. The 
relation of the invertebrate to the vertebrate nervous system 
being thus fixed, can the nervous system of Invertebrates be 
reduced to one plan ? It does not seem possible to establish 
a common plan for the adult nervous systems. But apply 
the principle of parallelism, which has proved so valuable 
within the limits of the vertebrate series. Taking insects as 
the highest class, we find that there are three stages in the 
development of their nervous system ; in the first the nervous 
system is composed of two separate strands, in the second 
the strands unite round the cesophagus, in the third they 
unite also behind. Now in 27ulla apcrta, stage (I) iS 
permanent; in (lio, Doris, Aplysia, Tritonia, Sepia, Igclia', 
stage (2) is permanent, and in Uzio stage (3)- In fact, all 
the varieties of the nervous system of molluscs fall into one 
or other of these three classes. " It follows, then, that as 
regards their nervous system, the Mollusca are more or less 
advanced larvm of insects" (p. 380). The law of parallelism 
1 Ann. Sci. nat. (2), ii., p. 248 , 834. 
0" Ann. Sci. ha/., iii., pp. 377-8% 1824- 
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fingers of a man's hand were the free extremities of as many 
thoracic members. 
Dug;2s' conception of the organism has often been revived 
since in a saner form, e.g'., by E, Perrier, and it has a certain 
validit),. It has much affinity with the similar conceptions of 
Goethe and the German transcendentalists. 
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TIlE GERMAN TRANSCENI)ENT_\LISTS 

To complete our historical survey of the morphology of the 
early I9th century we have now to turn back some way and 
consider the curious development of morphological thought 
in Germany under the influence of the l)hi/osophy of l 
A)lure. We have already seen many of these notions 
foreshadowed by Goethe, who had considerable affinity with l 
the transcendentalists, but the full development of trans- 
cendental habits of thought comes a little later than the 
bulk of Goethe's scientific work, and owes more to Kielmeyer [ 
and Oken than to Goethe himself. 
A great wave of transcendentalism seems to have passed 
over biological thought in the early I9th century, arising/ 
mainly in Germany, but powerfully affecting, as we have seen, 
the thought of Geoffroy and his followers. Man), ideas were [ 
common to the French and German schools of transcendental 
anatomy, the fundamental conception that there exists a[ 
unique plan of structure, the idea of the scale of beings, 
the notion of the parallelism between the development of the 
individual and the evolution of the race. It is difficult to 
disentangle the part played by each school and to determine 
which should have the credit for particular theories and 
discoveries. The philosophy seems to have come chiefly from I 
Germany, the science from France. It must be borne in 
mind that German comparative anatomy was largely I" 
derivative from French, that the Paris Museum was the 
acknowledged anatomical centre, and that Cuvier was its. 
acknowledged head. 
It is probably correct to say that the credit mainly 
belongs to the German transcendental school for the law 
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abnormalities which are found to be normal in other (lower) 
forms (p. 556) "1 
We may refer to one other statement of the law of 
I parallelism--by K. G. Carus in his Ld+rbuch dcr volt'ichendcn 
Amlomie (I.eipzig, 834 ). The standpoint is again that 
]of ;,t,,,'phiZos@hh'. It is a general law of Nature, Carus 
thinks, that the higher formations include the lower; thus 
the animal includes the vegetable, for it possesses the 
" vegetative" as well as the "animal" organs. So it is, too, 
by a rational necessity that the development of a perfect 
animal repeats the series of antecedent formations. 
As we have said, the main credit for the enunciation of 
the law of parallelism belongs to the German transcendental 
I school; but the law owes much also to Serres, who, with 
,leckel, worked out its implications. It might for convenience, 
and in ,rder to distinguish it from the laws later enunciated 
by von llaer and I Iaeckel, be called the law of bleckel-Serres. 
Under the "theory of the repetition or multiplication of 
parts within the organisn" may be included, first, generalisa- 
tions on the serial homology of parts, and second, more or 
less confused attempts to demonstrate that the whole 
organisation is repeated in certain of the parts. The 
recognition of serial homologies constituted a real advance 
in morphology; the "philosophical" idea of the repetition 
of the whole in the parts led to many absurdities. It led 
Oken to assert that in the head the whole trunk is repeated, 
that the upper jaw corresponds to the arms, the lower to the 
legs, that in each jaw the same bony divisions exist as in the 
limbs, the teeth, for instance, corresponding to the claws (loc. 
cir., p. 408). It led him to distinguish "two animals" in 
every bodythe cephalic and the sexual animal. Each of 
these has its own organs; thus " in the perfect animal there 
are two intestinal systems thoroughly distinct from each 
other, two intestines which belong to two different animals, 
the sexual and cephalic animal, or the plant and the animal" 
(p..382). The intestine of the sexual animal is the large 
intestine; the lungs of the sexual animal are the kidneys, its 
glottis is the urethra, its mouth the anus. So, too, the mouth 
is the stomach of the head. On another line of thought the 
 Cf. Geoffroy (s@ra, p. 7o). 
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Cr,ld, d l'crlcbr, e. 1 (After Owen, I848, p. I65.) 
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Owen's reasons for considering the pectoral girdle and the 
fore-limb part of the occipital vertebra are as follows. In 
fish the pectoral girdle is slung to the skull by means of the 
post-temporal bone (supra-scapula, according to Owen) 
which abuts on the occipital arch. In LcAidosircn, whose 
skeleton resembles the archetype in many ways, the pectoral 
girdle is likewise attached to the occipital segment. 
In most other Vertebrates the pectoral girdle has shifted 
backwards along the vertebral column, by a "metastasis" 
(Geoffroy) similar to that by which the pelvic fins in many 
fish have shifted up close to the pectoral girdle. The scapula 
(with supra-scapula) is the pleurapophysis, the coracoid the 
hemapophysis, of the occipital vertebra. The clavicle is 
homologised with the slender bone in fish now known as 
the post-clavicle, which shows a connection with the first 
or atlas vertebra of the vertebral column, forming, according 
to Owen, the h.mapophysis of the atlas. Owen considers 
it no objection to this view that in other Vertebrates the 
 Owen introduced most of the names of bones now current. 
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clavicle is anterior to the coracoid--"its anterior position 
to the coracoid in the air-breathing Vertebrata is no valid 
argument against the determination, since in these ve 
have shown that the true scapular arch is displaced back- 
vards " (On t/e A'ature of Lira&, p. 63, London, I849). In 
the pelvic girdle the ilium corresponds to the scapula, 
the ischium to the coracoid, the pubis to the clavicle. Hence 
the ilium is a pleurapophysis, the ischium and pubis 
are both h.'emapophyses. The fore-limb is the developed 
"appendage" of the occipital vertebra, the hind-limb the 
developed "appendage" of the pelvic vertebra. They are 
serially homologous with, for example, the unciuate processes 
of the ribs in birds (see Figs. 5 and 6). The fore-limb is a 
simple filament in Lcpidosirol, and presents fmv joints in 
t'rotcus and Amphiuma ; in other air-breathing Vertebrates 
it shows a more complete development, the humerus, radius 
and ulna, and the bones of the wrist and hand becoming 
differentiated out. 
As the fore-limb is equivalent to a single bone of the 
archetype, it is said to be, in its developed state," teleologically 
compound" (p. IO3). 
Since in the archetype every vertebra has its appendage, 
more than txvo pairs of locomotor)-limbs might have been 
developed. "Any given appendage might have been the 
seat of such developments as convert that of the pelvic arch 
into a locomotive limb; and the true insight into the general 
homology of limbs leads us to recognise many potential 
pairs in the typical endoskeleton. The possible and conceiv- 
able modifications of the vertebrate archetype are far from 
having been exhausted in the forms which have hitherto 
been recognised, from the primaeval fishes of the pal.'eozoic 
ocean of this planet up to the present time" (p. lO2). It is 
not of the essence of the vertebrate type to be tetrapodal. 
In determining homologies Owen remained true to 
Geoffroy's principle of connections. Speaking of an attempt 
which h'ad been made to determine homologies by the mode 
of development, he xvrites, "There exists doubtless a close 
general resemblance in the mode of development of homo- 
logous parts; but this is subject to modification, like the 
forms, proportions, functions, and very substance of such 
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type; when, for example, the correspondence of the basilar 
process of the human occipital bone with the distinct bone 
called 'basi-occipital' in a fish or crocodile is shown, the 
special hozology of that process is determined. A higher 
relation of homology is that in which a part or series of parts 
stands to the fundamental or general type, and its enunciation 
involves and implies a knowledge of the type on which a 
natural group of animals, the Vertebrate, for example, is 
constructed. Thus when the basilar process of the human 
occipital bone is determined to be the ' centrum ' or ' body' 
of the last cranial vertebra, its geeralho1wlogy is enunciated. 
" If it be admitted that the general type of the vertebrate 
endoskeleton is rightly represented by the idea of a series of 
essentially similar segments succeeding each other longi- 
tudinally from one end of the body to the other, such 
segments being for the most part composed of pieces similar 
in number and arrangement, and though sometimes extremely 
modified for special functions, yet never so as to wholly 
mask their typical character--then any given part of one 
segment may be repeated in the rest of the series, just as one 
bone may be reproduced in the skeletons of different species, 
and this kind of repetition or representative relation in the 
segments of the same skeleton I call ' serial homology'" 
(P- 7)- As an example of serial homology we might take the 
centra of the vertebr,-e--the vomer, the presphenoid, the 
basisphenoid, the basioccipital and the series of centra in the 
spinal column. Such serially repeated parts are called 
homotycs (p. 8). 
Not all the bones of the vertebrate skeleton are included 
in the archetype as constituents of the vertebrae. Thus the 
branchial and pharyngeal arches are accounted part of the 
splanchnoskeleton, as belonging to the same category as the 
heart bone of some ruminants, and the ossicles of the stomach 
in the lobster (p. 7o). The ossicles of the ear in mammals 
are "peculiar mammalian productions in relation to the 
exalted functions of a special organ of sense" (p. I4O , f.n.). 
This recognition of a possible development of new organs to 
meet new functions shows unmistakably the influence of l 
Cuvier. Oven was indeed well aware of the importance of 
the functional aspect of living things, and he often adopted 
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beings. In every species these tvo forces are at work, and 
i the extent to which the general polarising or "vegetative- 
repetition-force" is subdued by the teleological is an index 
of the grade of the species. 
This view is analogous to the Geoffroyan conception that 
lthe diversity of form is limited by the unity of plan. Owen 
thus ranges himself with Geoffroy against Cuvier, who 
considered that diversity of form is limited only by the 
principle of the adaptation of parts. 
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unequal growth, first into the primitive organs and then into 
the flmctional organs of the body. "Single sections of the 
tubes originally formed from the layers develop individual 
forms, which later acquire special functions: these functions 
are in the most general way subordinate elements of the 
function of the whole tube, but yet differ from the fuuctions 
of other sections. Thus the nerve-tube differentiates into 
sense-organs, brain and spinal cord, the alimentary tube into 
mouth cavity, oesophagus, stomach, intestine, respiratory appa- 
ratus, liver, bladder, etc. This specialisation in development 
is bound up with increased or diminished growth" (p. I55 ) . 
Rapid growth concentrated at one point brings about an 
evagination; in this manner are formed the sense-organs 
from the nerve-tube, the liver and lungs from the alimentary 
tube. Or increased growth over a section of a tube causes it 
to swell out; in this wise the brain develops from the nerve- 
tube, the stomach from the alimentary tube. The segmen- 
tation which soon becomes so marked, particularly in the 
muscle layer, is also due to a process of morphological 
differentiation. 
At the same time that the organs of the body are being 
thus roughly blocked out and moulded from the germ-layers 
the third process of differentiation is actively going on. " In 
addition to the differentiation of the layers, there follows 
later another differentiation in the substance of the layers, 
whereby cartilage, muscle and nerve separate out, a part 
also of the mass becoming fluid and entering the blood- 
stream" (p. I54 ). Through histological differentiation the 
texture of the layers and incipient organs becomes 
iudividualised. In its earliest appearance the germ consists 
of an almost homogeneous mass, containing clear or dark 
globules suspeflded in its substance (ii., p. 92). This 
homogeneity gives place to heterogeneity; the structureless 
mass becomes fibrous to form muscles, hardens to form 
cartilage or bone, becomes liquid to form the blood, 
differentiates in a hundred other ways--into absorbing and 
secreting tissues, into nerves and ganglia, and so forth. It 
will be noticed that the concept of histological differentiation 
is independent of the cell-theory; it signifies that textural 
differentiation which leads to the formation of tissues in 
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Bichat's sense. The tissues and the germ-layers stand in 
fairly close relation with one another, for while certain 
tissues are formed chiefly but not exclusively ill one layer, 
others are formed only in one layer and never elsewhere. 
For example, peripheral nerves are for the most part formed 
in the muscle layer, though the bulk of the nervous tissue is 
formed in the walls of the nerve tube; similarly blood and 
blood-vessels may arise from almost any layer, though their 
chief seat of origin is the vessel-layer; on the other hand, 
bone is formed only in the muscle-layer(i, p. x55, ii., pp. 92-3). 
This relation of tissue to germ-layer was more fully 
discussed and brought into greater prominence by Remak, 
from the standpoint of the cell-theory, and it will occupy us 
in a later chapter (Chap. X lI.). 
The fourth Scholion elaborates the analysis of develop- 
mental processes still further, and discusses in particular 
the scheme of development which is shown by the-Verte- 
brata. The characteristic structure of the vertebrate body 
is brought about by a "double symmetrical" rolling together 
of the germ-layers, whereby two main tubes are formed, one 
above and one below the axis of the body, which is the 
chorda. The dorsal tube is formed by the two animal layers, 
the ventral tube by all the layers combined (see Fig. 7)- 
The process is indicated with sufficient clearness in the 
diagram. It will be seen that the real foundation and 
framework of the arrangement is the muscle-layer, with its 
two tubes, one surrounding the central nervous system and 
forming the "dorsal plates," the other surrounding the body 
cavity and forming the "ventral plates." In the dorsal 
plates, which early show metameric segmentation, the invest- 
ing skeleton of the neural axis develops; in the ventral plates 
are formed the ribs, the ventral arches of the vertebrae, the 
hyoid, the lower jaw and other skeletal structures. 
The alimentary or "mucous" tube and the part of the 
vessel layer which invests it become so closely bound up with 
one another as to form a single primitix/e organ--the 
alimentary canal. The muscles of the alimentary canal are 
accordingly in all probability developed in the investing part 
of the vessel .layer. From the "Gekr6se," or remaining part 
of the vessel layer develop the Wolffian bodies 



120 l(Alil ERNST X()N BAEII 

first formed as a flat plate  hich folded round to form a tube, 
and in a somewhat vaguely worded passage he hinted that 
a similar mode of origin might be found to hold good for the 
other organ-systems. But it seems clear that Wolff had no 
definite conception of the process of layer-formation as the 
first and necessary step in all differentiation. This, at any 
rate, was von Baer's opinion, who assigns to Pander the glory 
of the discovery of the germ-layers. "You," he writes, 
"through your clearer recognition of the splitting of the 
germ--a process which remained dark to \Volff--have shed 
a light upon all forms of development" (p. xxi.). 
We have now seen, following von Baer's exposition, 
how development is essentially a process of differentiation, 
a progress from the general to the special, from the 
homogeaeous to the heterogeneous; we have analysed 
the process into its three subordinate processesprimary, 
histological and morphological differentiation. So far we 
have considered development in general and the laws which 
govern it; we have now to consider the varieties of 
development which the animal kingdom offers in such 
profusion, in order to discover what relations exist between 
them. This is the problem set in the fifth Scholion. Baer 
at once brings us face to face with the solution of the problem 
attempted in the Meckel-Serres law. It is a generally 
received opinion, he writes, that the higher animals repeat in 
their development the adult stages of the lower, and this is 
held to be the essential law governing the relation of the 
variety of development to the variety of adult form. This 
opinion arose when there was little real knowledge of 
embryology; it threw light indeed upon certain cases of 
monstrous development, but it was pushed altogether too far. 
It complicated itself with a belief in a historical evolution; 
"People gradually learnt to think of the different animal 
forms as developed one from anotherand seemed, in some 
circles at least, determined to forget that this metamorphosis 
could only be conceptual" (p. oo). At the same time the 
theory of parallelism led men to rehabilitate the outworn 
conception of the scale of beings, to maintain that animals 
form one single series of increasing complexity, a scale 
which the higher members must mount step by step in their 
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development--from xvhich it folloxved that evolution, whether 
conceived as an ideal or as an historical process, could 
take place only along one line, could be only progressive 
or regressive. Not all the supporters of the theory of 
parallelism held these extreme views, but conclusions of l 
this kind xvere natural and logical enough. 
Von Baer had soon found in the course of his embryo- 
logical studies that the facts did not at all fit in with the 
doctrine of parallelism; the developing chick, for example, 
was at a very early stage demonstrably a Vertebrate, and did 
not recapitulate in its early stages the organisation of a 
polyp, a worm or a mollusc. He had published his doubts in 
87-3, but his final confutation of the theory of parallelism is 
found in this Scholi.on. 
If it were true, he says, that the essential thing in the 
development of an animal is this repetition of lower organisa- 
tions, then certain deductions could be drawn, which one 
vould expect to find confirmed in Nature. The first deduction 
would be that no structures should appear in tlae embryo of 
the higher animals that are not found in the lower animals. 
But this is not confirmed by the factsno adult among the 
lower animals, for instance, has a yolk-sac like that of the 
chick embryo. Again, if the laxv of parallelism were true, 
the mammalian embryo would have to repeat the organisa- 
tion of, among other groups, insects and birds. But the 
embryo i uZero is surrounded by fluid and cannot possibly 
breathe free air, so it cannot possibly repeat the structure of 
either insects or birds, which are pre-eminently air-organisms. 
Generally speaking, indeed, xve find in all the higher embryos 
special structures which adapt them to the very special con- 
ditions of their development, and these we never find as 
permanent structures in the lower animals. The supporters of 
the theory of parallelism might, however, admit the existence 
of such special embryonic organs without greatly prejudicing 
their case, for these temporary organs stand to some extent 
outside the scope of the theory. 
But they would have to face a second and more important 
deduction from their views, namely, that the higher animals 
should repeat at every stage of their development the whole 
organisation of some louver animal, and not merely agree 
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tcz,cr resemblcs the achdt of atotbcr animal form, bztt only its 
These lavs relating to development vithin the limits of 
type are destructive of even a limited application of the 
theory of parallelism, for not even within the limits of the 
type is there a real scale which the higher forms must mount ; 
each embryo develops for ,Ztself, and diverges sooner or later 
from the embryos of other species, the divergence coming 
earlier the greater the difference between the adult forms. 
It is only because the louver less-differentiated adult forms 
happen to be little divergent from the generalised or 
embryonic type, that they showy a certain similarity with the 
embryos of the higher more differentiated members of the 
group. Such similarity, however, is due to no necessary law 
governing the development of the higher animals; it is, OI-1 
the contrary, merely a consequence of the organisation of 
these lower animals (p. e-4). 
Von Baer goes on to showy what are the distinguishing 
embryological characters of the types and classes, working out 
a dichotomous schema of development, which each embryo 
must follow, branching off early or late to its terminal point, 
according to the lower or higher goal it has to reach. 
One important consequence for morphology results from 
von Baer's lavs of ?tifferentiation within the type. If the 
embryo develops from the general to the special, then the 
state in which each organ or organ-system first appears must 
represent the general or typical state of that organ within 
the group. Embryology will therefore be of great assistance 
to comparative anatomy, whose chief aim it is to discover 
the generalised type, the common plan of structure, upon 
which the animals of each big group are built. Aud the 
surest vay to determine the true homologies of parts will be 
to study th.eir early development. " For since each organ 
becomes what it is only through the manner of its develop- 
ment, its true value can be recognised only from its method 
of formation. At present, we form our judgments by an 
undefined intuition, instead of regarding each organ merely 
as an isolated product of its fundamental organ, and discerning 
from this standpoint the correspondences and dissimilarities 
in the different types" (p. -.'a Parts, therefore, which 
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develop from the same " fundamental organ," and in the last 
resort from the same germ-layer, have a certain kinship, 
xvhich may even reach the degr6e of exact homology. 
Now since the mode of development in each type is . 
peculiar to that typ.e, organs of the same name in different 
types must not necessarily be accounted homologous, even 
if they correspond exactly with one another in their/ 
general fioctional relations to the rest of the organs. 
Thus the central nervous system of Arthropods must not be 
homologised with the central nervous system of Vertebrates, 
for it develops in a different manner. So, too, the brain of 
A}thropods or of Mollusca is not strictly comparable with 
the brain of Vertebrates. Again, the air-tubes or trache. 
of insects are, like the trachea and bronchi of many 
Vertebrates, air-breathing organs. But the two organs are 
not homologous, for the air-tubes of Vertebrates are developed 
from the alimentary tube ("fundamental organ" of the 
alimentary system, developed from the vegetative layer), 
while the air-tubes of insects arise either by histological 
differentiation, or by invagination ofth.e skin (p. 236 ). Orgaus | 
can be homologous only within the limits of the big groups ; 
/ 
there can be no question of homology between members 
of'different types. 
The development of plants, like the development of 
animals, is essentially a progress from the general to the 
special (p. 242). Botanists have not been troubled by an)- 
recapitulation theory, and in founding their big groups, 
Acotyledons, Monocotyledons, and Dicotyledons, upon 
embryological characters, they xvere guided by true 
principles, vhich ought indeed to be followed in zoology. 
If we knew the development of all kinds of animals 
sufficiently well, then the best way to classify theft, would 
be according to the characters the)" show in their earl), 
development, for it is in early development that the)" show 
the characters of the type in their most generalised form. 
As it is, we have in our ignorance to establish the big 
groups by the stud)-of adult structure, but we find, on 
putting together all we know of comparativ.e embryology, 
that a classification of animals according to the mode of 
their development gives, as is only natural, the same four 
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in a sense embryos of Amphibia (p. 547). But this manner 
of viewing things is none the less vicious, "for this 
reason . .. that it considers only one or two points-and 
neglects all the others" (p. 548), and is directl}" contrary to 
common sense. There is never a recapitulation of total 
organisations, only at the most of single organs. 
It will be remembered that Cuvier opposed and 
demolished the theory of the t'chclle des dtres, not only 
by showing that there xvere in Nature four entirely different 
plans of animal structure, but also by demonstrating that 
even the animals of each single Embrmzclwmezt could not 
readily be arranged in one series, that a serial arrangement 
was really valid only for their separate organs. Von Baer 
also held that there are four distinct types of structure; 
he, too, combated the idea of gradation within the limits of 
the type. In so far as species represent successive stages 
in the development, the qttsbildm, of the type, so far can 
the idea of a scale of beings be applied. But the members 
of a type follow not one line of evolution but several 
diverging lines, in direct adaptation to different environ- 
mental conditions, so that a serial arrangement of them 
is not as a rule possible. It may be possible to establish 
a serial arrangement of single organs from the simplest 
to the most complex. But each organ or organ-system 
will require a different serial arrangement, for the different 
systems vary on different lines and an animal may be highly 
developed in respect of one system and little developed in 
respect of all the others. Man, for instance, is the highest 
animal only in respect of his nervous sys.tem. The idea 
of the scale of beings has therefore only a very limited 
application even within the limits of the type. Applied to 
the whole animal kingdom it becomes merely absurd. 
Another point of resemblance between Cuvier and yon 
]3aer was that Cuvier, though essentially a student of adult 
structure, did recognise the importance of embryology; 
following up some observations of Dutrochet he studied the 
f(etal membrane of mammals and tried to establish their 
homologies3 And in his criticism of the vertebral theory of 
the skull he advanced as an argument against the basi- 
 Mdm. z]Ius, d'I-]isL 'aL, iii., pp. 98-1 9, t87. 
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The vegetative parts, hovever, develop on the whole unsym- 
metrically (eft Bichat). These elements which yon Baer dis- 
tinguishes are morphological units, as he himself points out, 
contrasting them vith organs xvhich are not usually units 
in a morphological sense. " We call organ," he vrites, "each 
part that has by reason of its form or its function a certain 
distinctiveness, but this concept is very indefinite, and 
possesses, from a morphological point of view, little value. 
For this reason it seems necessary to introduce into scientific 
morphology the concepts of morphological elements and 
divisions" (ii., p. 84). 
Von Baer exercised a very considerable influence upon 
the subsequent trend of morphological theory. By his 
criticism of the Meckel-Serres theory, he rid morphology for 
a time of an idea vhich was leading it astray; b), his 
substitution of the law that development is always from the 
general to the special, he set morphologists looking for the 
archetype in the embryo, not in the adult alone, and made 
them realise that homologies could often best be sought in 
the earliest stages of development ; by formulating the germ- 
layer theory he supplied morphologists with a new criterion 
of homology, based upon the special relations of the parts 
(germ-layers) which are first differentiated in all develop- 
ment. He made the study of development an essential 
part of morphology. 
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Ettzc, ickcluzgsgesch/chte des I(opfes der zackten A@hibien) 
discussed the two different methods of arriving at the 
"Type"--the anatomical method of comparing adults, and 
the embryological method of comparing embryogenies. 
Of the embryological method, he says, " Its aim is to dis- 
tinguish during the formation of the organism the originally 
given, the essence of the type, and to classify and interpret 
what is added or altered in the further course of development. 
Embryologists watch the gradual building up of the organism 
from its foundations, and distinguish the fundament, the 
primordial form, the type, from the individual developments ; 
they reach thus, following Nature in a certain measure, 
the essential structure of the organism, and demonstrate the 
laws that manifest themselves during embryogeny" (p. vi.). 
The embryologists, influenced in this greatly by von Baer,' 
gradually felt their way to substituting for the " Archetype " 
of pure morphology what one may perhaps best call the 
cmbg,o/ogical arc/zeO'c. How the transition was made wet 
can best see by following out the course of discovery in one 
particular line. We choose for this purpos.e the development 
of the skull, a subject which excited much interest at this 
time and upon vhich much quite fundamental work was 
done, particularly by Rathke and Reichert. 
Following up his discovery of gill-slits and arches in the 
embryos of birds and mammals, Rathke in tvo papers of 
[83z i and [833 e worked out the detailed homologies of the 
gill-arches in the higher Vertebrates. He describes how 
in the embryo of the 131enny there is a short, thick arch 
betveen the first gill-slit and the mouth. A furrow appears 
down the middle of the arch dividing it incompletely into 
two. In the anterior halves a cartilaginous rod is developed 
which is connected with the skull; these rods become on 
either side the lower jaw and "quadrate." In the posterior 
halves tvo similar rods are formed which develop into 
the hyoid. The hyoid is at first connected with the skull, 

 Anat.-phil. Unlcrs. ii. d A*icmenapparal u. d. Zungenbein, Riga and 
Dorpat,  832. 
z ,, Bildungs- und Entwickelungs-geschlchte des Blennius viviparu," 
Abhandl. ,. lild, u. Enloick.-Gesch. des g[cnschen u. der Thicre, ii., 
pp. -68, Leipzig, 833. 
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but afterwards frees itself and becomes slung to the 
"quadrate." Frown the hinder edge of the hyoid arch grows 
out the tnembranous operculum, in which develop later the 
opercular bones and branchiostegal rays. The upper jaw is 
an independent outgrowth of the serous layer. 
The serial homology of the lower jaw and quadrate with 
the hyoid and with the true gill-arches was thus established 
in fish, and Rathke had little difficulty in demonstrating a 
similar origin of lower jaw and hyoid in the embryos of 
higher Vertebrates. He could even, as we have noted before, 
find the homologue of the operculum in a flap which grows 
out frotn the hyoid arch in the embryo of birds. 
But Rathke could not altogether shake himself free from 
the transcendental notion of the homology of jaws with ribs, 
and this led hiln to draw a certain distinction between-the 
first two and the remaining gill-arches, by which the homology 
of the former with the ribs was asserted and the homology of 
the latter denied. Ite thought he could show that the 
skeletal structures (lower jaw, "quadrate," and hyoid) of the 
first two arches were formed in the serous layer, just like 
true ribs, and like them in close connection with the vertebral 
skeletal axis. The other, " true," gill-arches appeared to 
him to be formed in the mucous layer, in the lining of the 
alimentary canal. They had no direct connection with the 
vertebral column, and seemed therefore to belong to what 
Carus 1 had called the visceral or splanchno-skeleton. He 
did not, however, let this distinction hinder him from assert- 
ing the substantial homology of all the gill-arches bttcr se, 
the first two included. 
Rathke's discoveries relative to the development of the 
jaws, the hyoid and the operculum, enabled him to make 
short work of the homologies proposed for them by the 
transcendentalists. He could prove from embryology that 
the jaws were not the equivalent of limbs, as so many 
Okenians believed. He could reject, with a mere reference 
to the facts of development, Geoffroy's comparison of the 
hyoid and the branchiostegal rays in fish with sternum and 
ribs. He could show the emptiness of the attempts made 
 I'on den Ur-Thcilen des A'nochet- und Schalcn-Gerush's, Leipzig, 
828. 
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by Carus, Treviranus, de Blainville and Geoffroy, to establish 
by anatomical comparison the homologies of the opercular 
bones, for he could show that these bones were peculiar 
to fish, and were scarcely indicated, and that only temporarily, 
in the development of other Vertebrates. 1 I Ie did not, 
however, himself realise the relation of the ear-ossicles to the 
gill-arches, though he knew that Spix and Geoffroy were 
quite wrong in homologising them with the opercular bones 
in fish. He described, it is true, the development of the 
external meatus of the ear and the Eustachian tube from the 
slit which appears between the first and the second arch, as 
Huschke had done before him ; he described, in confirmation 
of Meckel, the " Meckelian process" of the hammer running 
down inside the lower jaw; but the discovery of the true 
homologies of the ear-ossicles vas not made until a year or 
two later by Reichert. 
In his further study of the development of tTlennius viz'A 
2a1"us, Rathke observed some important facts about the 
development of the vertebral column and skull. He found 
that the vertebral centra were first formed as rings in the 
chorda-sheath, which give off neural and hmmal processes. 
The vertebra later ossifies from four centres. The chorda 
(notochord) is prolonged some little way into the head, and 
the base of the cranium is formed by the expanded sheath, 
which reaches forward in front of the end of the notochord. 
This cranial basis shows a division into three segments, 
in which Rathke was inclined to see an indication of three 
cranial vertebra. (It turned out that this division into three 
segments did not really exist, and Rathke later acknowledged 
that he had made an error of observation.) The side walls of 
the skull grow out from this base and form a fibrous capsule for 
the brain. The cranial section of the chorda itself shows no 
sign of segmentation; but later on the cranial portion of 
the chorda-sheath ossifies, like the vertebrae, from several 
centres. The vomer, which, in the classical form of the 
vertebral theory of the skull, was the centrum of the fourth, 
or foremost, cranial vertebra, does not, according to Rathke, 
develop in continuity with the cranial basis and the chorda 
sheath, but develops separately in the facial region. 
 .Igiemcnai@aral , pp. 10 7- I 1 8, 
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separate pieces. Mtiller could not prove this point from the 
available embryological data, and indeed the facts which he 
did use had to be twisted to suit his theory. A curious 
apparent confirmation of his idea that the centra of the 
cranial vertebrm are formed from separate halves was 
supplied in 839 by Rathke's discovery of the trabecula in 
the embryonic skull of the adder. 
The next big step in the study of the development of the 
skull was taken by a pupil of Mfiller, C. B. Reichert, who 
showed in his work very distinct traces of his master's 
influence. Reichert's first and most important contribution 
to the subject was his paper on the metamorphosis of the 
gill, or, as he called them, the visceral arches in Vertebrates, 1 
particularly in the two higher classes. Reichert describes 
the similar origin in embryo of bird and mammal (pig)of 
three "visceral" arches. These arches stand in close relation 
to the three cranial vertebr,'e which Reichert, like Mfiller, 
distinguishes. He makes the retrograde step of admitting 
only three aortic arches, and he is not inclined to consider 
the three visceral arches as equivalent to the gill-arches of 
fish--in his opinion they have more analogy with ribs, though 
differing somewhat from ribs in their later modifications. 
The visceral arches are processes of the visceral plates 
(yon Baer), which grow downwards and meet in the middle 
line, leaving between one another and the undivided body 
wall three visceral slits opening into the pharynx. The 
first visceral process is different in shape from the others, 
for it sends forward, parallel with the head and at right 
angles to its downward portion, an upper portion in which 
later the upper jaw is formed. The other two processes 
are straight. From the hinder edge of the second visceral 
arch there develops, as Rathke had seen, a fold which 
is comparable with the operculum of fish. The first slit 
develops externally into the ear-passage, internally into the 
Eustachian tube, and in the middle a partition forms the 
tympanic ring and tympanum. Inside each of the visceral 
processes on either side a cartilaginous rod develops. In 
a " Ueber die Visceralbogen der Wirbelthiere in Allgerneinen und 
deren Metarnorphosen bei den ViSgeln und Sfiugethiere," Miiller's 
Archh,, pp. I20-222, I837. 
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the quadrate, which formed a suspensorium for both arches ; 
the lower part, as Meckel's cartilage, formed a foundation for 
the bones of the lower jaw. Of arch II., the lower part 
became the horn of the hyoid, the upper part had a varying 
fate. In some Anura it formed the ossicle of the ear 
{homologue of the columella of birds and the stapes 
of mammals}, in others it disappeared. In reptiles the 
upper segment of the second arch formed, as in birds, the 
columella. 
The account of the metamorphoses of the visceral arches 
in Amphibia forms only a small part of Reichert's memoir of 
I838 , the chief object of which was to discover the general 
" typus" of the vertebrate skull, and to follow out its modifica- 
tions in the different classes. Von Baer had shovn that the 
generalised type appeared most clearly in the early embryo; 
Reiche,'t therefore sought the archetype of the skull in the 
developing embryo. He brought to his task the precon- 
ceived notion that the skull could be reduced to an 
assemblage of vertebra, but he saw that comparative 
anatomy alone could not effect this reduction; he had 
recourse, therefore, to embryology, hoping to find in the 
simplified structure of the embryo clear indications of three 
primitive cranial vertebrae (p. 1 2 I, 1837)- 
In the head he distinguished two tubes, the upper formed 
by the dorsal plates, the laver by the ventral or visceral 
plates. Both of these tubes were derived from the serous or 
animal layer (eft von Baer, supra, p. I 18). The walls of the 
lower tube vere formed by the visceral processes, vithin 
which later the skeleton of the visceral arches developed. 
The walls of the upper tube formed the bones and muscles of 
the cranium proper. The facial part of the head was formed 
by elements from both upper and lower tubes. The dorsal 
tube showed signs of a division into three cranial vertebrae 
(Urzc,irbeln, primitive vertebra). In mammals and birds, 
as Reichert had shown in his I837 paper, the three cranial 
vertebrae were indicated by transverse furrows on the ventral 
surface of the still membranous skull (see Fig. IO, p. 148 ). 
Even in mammals and birds, however, the positions of 
the eye, the ear-labyrinth, and the three visceral arches were 
the safest guides to the delimitation of the cranial vertebrae 
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to their type" (p. 52, i838 ). The skull of these lower fishes 
is itself a specialised one; it is an individualised modification 
of a simple type of skull. And this holds good in general of 
the skulls of the lower Vertebrates--they are individualised 
exemplars of a simple general type, not merely uumodified 
embryonic stages of the greatly differentiated skulls of the 
higher Vertebrates (p. 250, I838). Differentiation within the 
vertebrate phylum is therefore not uniserial, but takes place in 
several directions. Reichert describes two sorts of modifica- 
tions of the typical skull--class modifications and functional 
modifications. The causes of the modifications which 
characterise classificatory groups are unknown; the second 
class of modifications occur in response to adaptational 
requ irements. 
Reichert's two papers are of considerable importance, 
and Miiller's remark in his review  of them is on the whole 
justified. "These praiseworthy investigations supply from 
the realm of embryology new and welcome foundations for 
comparative anatomy" (p. clxxxvii.). 
The development of the skull was, however, more 
thoroughly worked out by Rathke, and with less theoretical 
bias, in his classical paper on the adder. = This memoir of 
Rathke's is an exhaustive one and deals with the develop- 
ment of all the principal organ-systems, but particularly of 
the skeletal and vascular. He confirmed in its essentials 
Reichert's account of the metamorphoses of the first two 
visceral arches, describing how the rudiment of the skeleton 
of the first arch appears as a forked process of the cranial 
basis, the upper prong developing into the palatine and ptery- 
goid, the lower forming Meckel's cartilage, while the quadrate 
develops from the angle of the fork. The actual bone of the 
upper jaw (maxillary) develops outside and separate from 
the palato-pterygoid bar. The cartilaginous rod supporting 
the second visceral arch divides into three pieces on each 
side, of which the lower two form the hyoid, the uppermost 
the columella. Like Reichert he held the visceral arches to be 
parts of the visceral plates, containing, however, elements from 
all three germ-layersthe serous, mucous, and vessel layers. 
1 Miiller's Archly for I838. 
 Enlwickelto,ffsgeschichte der Natter, KSnigsberg, t839. 
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The first gill-slit, or, as Rathke here prefers to call it, 
pharyngeal slit, closes completely in snakes and in Urodeles. 
It forms the Eustachian tube in all other Tetrapoda. As 
regards the vertebr,-e, Rathke describes them as being 
formed in the sheath of the chorda from paired rudiments, 
each of which sends two branches upwards, and two 
branches downwards. The two inner pairs of processes 
coalesce round the chorda, and later form the centrum; 
the upper outer pair meet above the spinal column; the 
lower outer pair form ribs. The odontoid process of 
the axis vertebra is the centrum of the atlas (p. I2O). 
The formation of vertebral rudiments begins close behind 
the ear-labyrinth, but in front of this the chorda-sheath 
gives origin to a flat membranous plate which after- 
wards becomes cartilaginous. This plate reaches fonvard 
below the third cerebral vesicle as far as the infundibulum. 
The notochord ends in this plate, which is the basis cralzii, 
just at the level of the ear-labyrinth. In no Vertebrate does 
the notochord extend farther forward (p. t22). The basis 
cranii gives off three trabecul,. The middle one is small 
and sticks up behind the infundibulum; it is absent in fish 
and Amphibia, and soon disappears during the development 
of the higher forms. The lateral trabecul,-e are long bars 
which curve round the infundibulum and reach nearly to the 
front end of the head. Together they are lyre-shaped. The 
cranial basis and the trabecula are formed, like the vertebr,% 
in the sheath of the notochord, and the only differences 
between the two in the early stage of their development are 
that the formative mass for the cranial basis is much greater 
in amount than that for the vertebr,'e, and that the cranial 
basis by means of its processes, the trabecul,'e, reaches well 
in front of the terminal portion of the notochord (p. 36). 
The capsule for the ear-labyrinth develops quite independently 
of the cranial basis and the notochord. It resembles on its 
first appearance, in form, position, composition, and con- 
nections, the ear-capsule of Cyclostomes, and so do the ear- 
capsules of all embryonic Vertebrates (p. 39). It manifests 
clearly the embryonic archetype, "there exists one 
single and original plan of formation, as we may suppose, 
upon which is built the labyrinth of Vertebrates in general" 
L 
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they fuse. The side parts of the basisphenoid and pre- 
sphenoid (forming the alisphenoids and the orbitosphenoids 
respectively) develop in cartilage separately from the cranial 
basis, not like the exoccipitals in continuity vith it. The 
hinder parts of the trabecule become enclosed by two 
processes of the basisphenoid; their front parts remain in 
a vestigial and cartilaginous state alongside the presphenoid. 
The frontals and parietals show a peculiar mode of origin in 
the adder, differing from their origin in other Vertebrates. 
The frontals develop in continuity vith the orbitosphenoids, 
the parietals in continuity vith the alisphenoids, and so have 
much resemblance with the vertebral neural arches which 
surround the spinal column (p. 95)- 
Through Rathke's work the real embryonic archetype of 
the vertebrate skull was for the first time disclosed. Rathke 
discussed this archetype and its relation to the vertebral 
theory of the skull in another paper of the same year (839), 
but before going on to this paper, ve shall quote from 
the paper on the adder the following passage, remarkable 
for the clear way in which the idea of the embryological 
archetype is expressed. " Whatever differences may appear 
in the development of Vertebrates, there yet exists for the 
different classes and orders a universally valid idea (plan, 
schema, or type) ruling the first formation of their separate 
parts. This idea must first be worked out, though possibly 
with modifications, before more special ideas can find play. 
The result of the latter process, however, is that what vas 
formed by the first idea is not so much hidden as partially or 
wholly destroyed " (p.  35)- 
Rathke's general paper on the development of the skull 
in Vertebrates  treats the matter on a broader comparative 
basis than his paper on the adder, and takes into account all 
the vertebrate classes, in so far as their development was 
then known. He here makes the interesting suggestion, 
later entirely confirmed, that the basis cradi or basilar plate 
is first laid down as two strips, one on each side of the chorda 
the structures now known as parachordals (pp. 6, 27). 
For this supposition, he thinks, speaks the structure of the 
 l?emerkuen iibcr die F_nlwickelug- des Schddels der I,I'irbcllkicrc, 
K6nigsberg, 1839. 
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of Meckel's cartilage identical in form and connections in the 
two groups. The homologies of the bones connected with 
the jaws in bony fishes had long been a subject of conten- 
tion among comparative anatomists ; Huxley shows from his 
personal observations how the development of the visceral 
arches throws light upon these difficulties. The mandibular 
arch in the developing fish is abruptly angled, as in the 
embryo of Tetrapoda ; the upper prong of it ossifies into the 
palatine and pterygoid ; at the angle is formed the quadrate 
(jugal, Cuvier), and to the quadrate is articulated the lower 
jaw, which ossifies round the lower prong or Meckel's carti- 
lage. The scheme of developmeut of the jaws is accord- 
ingly similar in fish to what it is in other Vertebrates, and 
this similarity of development enables Huxley to recognise 
what are the true homologues of the quadrate, the palatine 
and the pterygoid in adult bony fish, and to prove that the 
symplectic and the metapterygoid (tympanal, Cuvier) are 
bones peculiar to fish. In developing Amphibia Huxley 
found a suspensorimn of hyoid and mandibular arches similar 
to the hyomandibular of fish. 
Tackling his main problem of the unity of plan of the 
vertebrate skull, Huxley shows, by a careful discussion of 
the anatomical relationships of the chief bones in typical 
examples of all vertebrate classes, that there is on the whole 
unity of plan as regards the osseous skull. This unity of 
composition can be established, on the gradation method, by 
considering the connections of the bones of the skull with one 
another, their relations to the parts of the brain and to the 
foramina of the principal cranial nerves. The assistance of 
the embryological method is, however, necessary in deter- 
mining many poiuts with regard to the bones developed in 
relation to the visceral arches. But there is a further step to 
be taken. "Admittiug... that a general unity of plan' 
pervades the organisation of the ossified skull, the important 
fact remains that many vertebrated animals--all those fishes, 
in fact, which are known as Elasmobramhii, 3Iarsipobrachii, 
Phao,gobrachii and Dioi have no bony skull at all, 
at least in the sense in which the words have hitherto been 
used" (p. 571). The membranous or cartilaginous skull 
of these fishes shows a geueral resemblance in its main 



CRITICISM OF VERTEBRAL THEORY 161 

the pituitary body is developed ;1 in all, the cartilaginous 
cranium has primarily the same structure--a basal plate 
enveloping the end of the notochord and seuding forth 
three processes, of which one is short and median, while the 
other two, the lateral trabeculm, pass on each side of the 
space on which the pituitary body rests, and unite in front 
of it ; in all, the mandibular arch is primarily attached behind 
the level of the pituitary space, and the auditory capsules are 
enveloped by a cartilaginous mass, continuous with the basal 
plate between them. The amount of further development to 
which the primary skull may attain varies, and no distinct 
ossifications at all may take place in it; but when such 
ossification does occur, the same bones are developed in 
similar relations to the primitive cartilaginous skull" 
(p. 57s). 
In a word, there is a general plan or primordial type! 
which is manifested in the higher forms most clearly 
in their earliest development--an embryological archetype 
therefore. 
Huxley now goes on to consider the relation of this 
general plan or type of the skull to the structure and 
development of the vertebral column. Does the skull in 
its development show an)- signs of a composition out of several 
vertebrm? The vertebral column develops as a segmented 
structure round the notochord ; the skull develops first as an 
unsegmented plate extending far beyond the notochord. 
The processes of this basilar plate, the trabecule, are quite 
unlike anything in the vertebral column. It is true that 
when the process of ossification begins, separate bones 
are differentiated in the basilar plate one in front of the 
other, giving an appearance of segmentation. The hindmost 
of these bones, the basioccipital, ossifies round the notochord, 
quite like a vertebral centrum, and its side parts which 
form the occipital arch develop in a "remotely similar" 
way to the neural arches of the vertebrm. The next bone, 
Imwever, the basisphenoid, develops in front of the notochord, 
and shovs very little analogy with a vertebral body. The 
analogy is even more far-fetched when applied to the axial 
 The origin of the pituitary body fi'om the roof of the mouth was first 
described by Rathke (I839). 
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Jacobson in I842 ' introduced the useful term, " primordial 
cranium," for the primitive cartilaginous foundation of the 
skull, and drew a sharp distinction between cartilage bones 
and membrane bones. 
In his Rccherclzes szi1" les Poissozs fossiA's,  L. Agassiz used 
Vogt's work on the development of Corwomts to establish a 
classification of tim bones of the skull in fish, a classification 
which had tim merit of drawing, a sharp distinction between 
the cartilaginous groundwork and the " protective plates " of 
the fish's skull. He recognised that the protective plates 
developed in a different way from tim other bones of the 
skull. " We must distinguish," he writes, " two kinds of 
ossification; one which tends to transform the primitive 
parts of the cmbryonic cranium directly into bone, and 
another which leads to the deposition of protective plates 
round this core, which develop not only upon the upper 
surface, as has hitherto been supposed, but also on the 
lateral walls and on the lower surface of the cranium "(p. 
In the skull of all fish there are three elements--() the 
cartilaginous base, including the nuchal plate, the trabecul 
and the facial plate, together with the auditory capsules; (2) 
the cartilaginous cerebral envelope; (3) the bony protective 
plates (absent in Elasmobranchs). The bones developed in 
relation to these cranial elements can be classified as follows :-- 
() the basioccipital, exoccipitals (paroccipitals?), supra- 
occipital and " petrous" (rocher), developed from the nuchal 
plate; the all- and orbito-sphenoids developed from the 
trabeculae ; the "cranial ethmoid "a developed from the facial 
plate; (2) the parietals, frontals and nasals formed from the 
"superior" protective plate ; the " anterior" and "posterior" 
frontals and the temporal, from the "lateral" plates; the 
body of the sphenoid and the vomer from the "inferior" 
plates. The other element, the cartilaginous brain-box, does 
not ossify, and tends to become absorbed (p. e4). 
In 849 K611iker published a paper  dealing with the 

' "Om Primordial-Craniet," Fb'rhandlingar Skand. Nahtrf. ]lb-le, 
Stockholm, x84z. 
" Vol. I., General part, pub. 844. 
a lEnto@behold, Oven. 
a Zwcilcr Bericht zootom. Anstall cu IVitrzburg,  849- 
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run counter to the homologies indicated by the study of 
adult structure. "Thus, for instance, although the lower 
jaw in position, fulaction, form and shape, appears to be 
the same bone throughout, yet it must be admitted that it 
shovs a difference in the different classes. In Mammals and 
Man it is an entirely secondary bone (an extremity 
according to Reichert), in Birds, Amphibia and Fishes only 
partially so, for its articular belongs to Meckel's cartilage 
and is accordingly analogous to a rib; indeed, in the 
i'lagiostomes, etc., the whole lower jaw along with the 
articular is a persistent Meckel's cartilage" (p. 290, 1850 ). 
So, too, the supraoccipital in man cannot be fully homo- 
logised with the supraoccipital of many mammals, for its upper 
half arises at first in isolation as a secondary bone (p. 290). 
Reichert objected to the distinction drawn by K611iker, 
and denied that there was either a histological or a 
morphological difference between membrane and cartilage 
bones. It was shown a few years later by H. Mtiller a that 
there was it truth no essential difference in histological 
developlnent between the txvo categories of bone, that the 
cartilage cells were replaced by bone cells identical with 
those taking part in the formation of membrane bones. 
The morphological distinction continued however to be 
recognised, particularly by the embryologists. Rathke in 
his volume of 86 "2 classified the bones of the skull 
according to their origin from the primordial cranium or 
from the overlying fibrous layer, distinguishing as membrane 
bones, the parieta!s, frontals, nasals, lachrymals, maxillaries 
and premaxillaries, jugals, tympanic, parts of the" temporal," 
vomer, part of the supraoccipitals in some mammals, and the 
mandible (with the exception of the articular in such as 
have a quadrate bone). Huxley was also inclined in 864 a 
to recognise the distinction, but he vrites xvith some 
reserve :" Is there a clear line of demarcation between 
membrane bones and cartilage bones? Are certain bones 
always developed primarily from cartilage, while certain 
others as constantly originate in membrane? And further, 
 Zeits.f. wiss Zoo/., ix., 
" F_nlw. d. HTir&'ltlziere, pp. i39-4o , 86L 
a Lectures on the -lemenls of Co@arative Anatomy. 
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if a membrane bone is found in the position ordinarily 
occupied by a cartilage bone, is it to be regarded merely 
as the analogue and not as the homologue of the latter?" 
(p. -96). 
We may note here that many comparative anatomists of 
the period were quite ready to decide Huxley's last question 
in a sense favourable to the older, purely anatomical, view 
of homology. C)wen, for instance, held that difference of 
development did not disturb homologies established by 
form and connections. "Parts are homologous," he writes, 
"in the sense in which the term is used in this work, which 
are not always similarly developed : thus the ' pars occipitalis 
stricte dicta,' etc., of Soemmering is the special homologue of 
the supraoccipital bone of the cod, although it is developed 
out of pre-existing cartilage in the fish and out of aponeurotic 
membrane in the human subject."1 Similarly he pointed to 
the diversities of development of the vertebral centrum in 
the different vertebrate classes as proof that development 
could not always be relied upon in deciding homologies 
(p. 89). But he could not deny that the archetype was better 
shown in the embryo than in the adult (sra, p. o8). 
J. V. Carus  likewise stood firm for the older method of 
determining homologies by comparison of adult structure. 
" We can regard as homologous," he writes, "only those 
parts which in the fully formed animal possess a like 
position and showy the same topographical relations to the 
neighbouring parts" (p. 389). Parts homologous in this sense 
might develop in different ways, but no great importance vas 
to be attached to such a circumstance. Membrane and 
cartilage bones developed in practically the same way, from 
the same skeleton-forming layer, and no morphological 
significance attached to their distinction (pp. o_o-7, 457)- 
Embryology was of considerable value in helping to 
determine homologies, but the evidence that it supplied was 
contributory, not conclusive. Perhaps the greatest service 
which the study of development rendered was to disentangle, 
by a comparison of the earliest embryos, the generalised 
type (p. 389). 
1 0 l]ltY Mrchelyeoflhe Vertebrate Skeleton, p. 5, 1848. 
" Sysh'lu der lhierischen g[orbhologie, Leipzig, 853. 
M 
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We have now traced, by our historical study of the theory 
of the skull, the gradual evolution of the tendency to find in 
development the surest guide to determining homologies. 
We have seen how the embryological "type" came to be 
substituted, in whole or in part, for the anatomical "type" 
derived from the study of adult structure. But we have had 
to do only with a modification, not vith a transformation, of 
the criterion of homology recognised by the anatomists. 
Homology is still determined by position, by connections, 
in the embryo as in the adult. "Similarity of development" 
has become the criterion of homology in the eyes of the 
embryologist, but "similarity of development" means, not 
identity of histological differentiation, but similarity of 
connections throughout the course of development. For the 
purposes of morphology, development has to be considered 
as an orderly sequence of successive forms, not in its real 
nature as a process essentially continuous. 5Iorphology 
has to replace the living continuity by a kinematographic 
succession of stages. Since it is the earliest of these stages 
that manifest the simplest and most generalised structural 
relations of the parts, it is in the earlier stages that homologies 
can be most easily determined. But these homologies are 
still determined solely by the relative positions and 
connections of the parts, just as homologies are determined 
in the last of all the stages of development, the adult state. 
And since the generalised type is shown most clearly in the 
earliest stages and tends to become obscured by later 
differentiation, homologies observed in embryonic life are to 
be upheld even if the relations in adult life seem to indicate 
different interpretations. 



CHAPTER XI 

TttE CELL-THEORY. 

VITII the founding of the cell-theory by Schwann in 
839 an important step was taken in the analysis of the 
degrees of composition of the animal bod,. Aristotle had 
distinguished three--the unorganised material, itself com- 
pounded of the four primitive elements, earth and water, air 
and fire, the homogeneous parts or tissues and the hetero- 
geneous parts or organs, and this conception vas retained 
with little change even to the days of Cuvier and yon Baer. 
Those of the old anatomists who speculated on the relations 
of organic elements to one another were dominated by 
Aristotle's simple and profound classification, and proposed 
schemes which differed from his only in detail. Bichat 
enlarged and deepened the concept of tissue, but the 
degree of composition below this was for him, as for all 
anatomists of his time, a fibrous or pulpy "cellulosity," 
living, indeed, but showing no uniform and elemental struc- 
ture. It was Schxvann's merit to interpose between the 
tissue and the mere unorganised material a new element 
of structure, the cell. And, as it happened, a few years 
before Schwann published his cell-theory, Dujardin hinted 
at another degree of composition which was later to take 
its place between the cell and the chemical elements-- 
sarcode or protoplasm. 
As is well known, the concept of the cell arose first 
in botany. Robert Hooke discovered cells in cork and pith 
in I667, and his discovery xvas followed up by Grew and 
Malpighi in I67 I, and by Leeuenhoek in I695. But they 
did not conceive the cell as a living, independent, structural 
unit. They were interested in the physiology of the plant 
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and development of the plant cell, a subject then very 
obscure, in spite of pioneer work by Mirbel. A few years 
before, Robert Brown had called attention to the presence in 
the epidermal cells of orchids and other plants of a character- 
istic spot which he called the areola or nucleus. 1 Schleiden 
saw the importance of this discovery, confirmed the constant 
presence of the nucleus in young cells, and held it to be an 
elementary organ of the cell. He named it the cytoblast 
because, in his opinion, it formed the cell. It was embedded 
in a peculiar gummy substance, the cytoblastem, which formed 
a lining to the cellulose cell-wall. Within the nucleus there 
was often a small dark spot or sphere--the nucleolus. The 
nucleus, Schleiden thought, originated as a minute granule in 
the cytoblastem which gradually increased in size, becoming 
first a nucleolus (lCcrtclzcz), and then, by further condensation 
of matter round it, a nucleus. Several nuclei might be formed 
in this way in a single cell. New cells took their origin 
directly from a full-grown nucleus, in a peculiar way which 
Schleiden describes as follows :---" As soon as the cytoblasts 
have reached their full size a delicate transparent vesicle 
arises on their surface; this is the young cell, which at first 
takes the shape of a very fiat segment of a sphere, of which 
the plane surface is formed by the cytoblast, the convex side 
by the young cell itself, which lies upon the cytoblast like 
a watch-glass on a watch" (p. 45). The young cells increase 
in size and fill up the cavity of the old cell, which is 
in time resorbed. Cell-development always takes place 
within existing cells, and either one or many new cells may 
be formed within the mother-cell. Schleiden's views on cell- 
formation were drawn from some rather imperfect observa- 
tions on the embryo-sac and pollen-tube, but he extended his 
theory to cell-formation in general. Though wrong in almost 
all respects the theory had at least the merit of fixing 
attention upon the really important constituents of the cell, 
the nucleus and the cell-plasma. To Schleiden, too, we owe 
the conception of the cell as a more or less independent living 
unity, whose life is not entirely identified with the life 
of the plant as a whole. "Each cell," he writes, "carries on 
a double life; one a quite independent and self-contained 
 Tras. Liznean Soc., xvi., p. 7o, I833. 
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Valentin 1 appears to have seen cells in cartilage and 
epithelium even before Henle, and to have observed cells in 
the blastoderm of the chick. In his report on the progress 
of anatomy during 838 Johannes Miiller was able to refer to 
quite a number of papers dealing with the occurrence of cells 
in animal tissues. In addition to those already noted, he 
mentions vork by Breschet and Gluge on the cells of the 
umbilical cord, by Dumortier on the cells in the liver of 
molluscs, by Remak and by Purkinje on nerve cells, by 
Donnd on the cells of the conjuctiva, cornea and lens. He 
reports, too, that Turpin had compared the epithelial ells of 
the vagina vith the cell-tissue of plants. Miiller himself had 
not only recognised the cellular nature of the notochord, but 
had observed the cells of the vitreous humour, fat cells and 
pigment cells, and even the nuclei of cartilage cells. From 
Schwann (839) we learn that C. H. Schults had followed 
back the corpuscles of the blood to their original state of 
nucleated cells, and that Werneck had recognised cells in the 
embryonic lens. A preliminary notice of Schvann's own 
work appeared in 838 (Froriep's xVolieu, No. 9, 838), the 
full memoir in 839, under the title l[ikrosko2ische Uter- 
suchue iiber die Uebereislimmu i der 5"lrklur und 
dem IVachs/tme der Tiere tnd 
Theodor Schvann was a pupil of Joharines lIiiller, and 
we know that Mtiller took much interest in the new his- 
tology. It is probably to his influence that we owe Schvann's 
brilliant work on the cell, which appeared just after Schwann 
left Berlin for LiSwen. Schwann was himself, as his later 
work showed, more a physiologist than a morphologist; he 
did quite fundamental work on enzymes, discovering and 
isolating the pepsin of the gastric juice; he proved that 
yeast was not an inorganic precipitate but a mass of living 
cells; he carried out experiments directed to shov that 
spontaneous generation does not occur. We shall see in his 
treatment of the cell-theory clear indications of his physio- 

a See Schwann's Bvnerkun,en at the end of his Mikrosko2Msche 
Untersuchun,cn. 
"0 Republished in Ostwald's Klassiker de exaklen I/Vissenschafgen, 
No. I76, Leipzig, I9IO. References in the text are to the original 
pagination. 
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found this common parent of all tissues itself to consist of 
cells; our next task must be to demonstrate not only in 
this general way that tissues originate from cells, but also 
that the special formative mass of each tissue is composed 
of cells, and that all tissues are either constituted by simple 
cells or by one or other of the manifold kinds of modified 
cells" (p. 7I). Five classes of tissue can be distinguished, 
according to the extent and manner of the modifications 
which the cells composing them have undergone. There are 
first of all independent and isolated cells, such as the 
corpuscles of the blood and lymph, not forming a coherent 
tissue in the ordinary sense. Next there are the assemblages 
of cells lying in contiguity with one another, but not in any 
way fused; examples of this class are the epidermal tissues 
and the lens of the eye. In the third class come tissues 
the cells of which have fused by their walls, but whose cell- 
cavities are not in continuity, such as osseous tissue and 
cartilage. In the tissues of the fourth class, comprising the 
most highly specialised of all, not only are the cell-walls 
continuous but also the cell-cavities; to this class belong 
muscle, nerve and capillary vessels. A fifth class, of 
rather a special nature, includes the fibrous tissues of all 
kinds. This is the first classification of tissues upon a 
cellular basis, and it marks the foundation of a new histology 
which took the place of the "general anatomy" of Bichat. 
The exhaustive account which Schwann gives of the 
structure and development of the tissues in this section of 
his book constitutes the first systematic treatise on histology 
in the modern sense, and it is still worth reading, in spite of 
man)" errors in detail. 
Schwann found it easy to demonstrate the cellular nature 
of the tissues of his first three classes. With the other two 
classes he had more difficult),. Fibres of all kinds, he 
considered, arose by an elongation of cells, which afterwards 
split longitudinally into long strips, forming as the case 
might be white or elastic fibrous tissue. Muscle-fibres and 
nerve-fibres vere formed in a totally different way: by 
coalescence of cells; each separate muscle-fibre and nerve- 
fibre was thus a compound cell. Capillaries, Schwann held, 
were formed by cells hollowed out like drain-pipes, and 
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set end to end--a mistaken view soon corrected by Vogt 
(E,z&yolie &s 5"alwucs, p. 206, 84_o). 
In this detail part of his book Schvann accumulates 
material for a general theory of the cell which he develops 
in the third and last section. Taking up the physiological 
or dynamical standpoint, he points out that one process 
is common to all growth and development of tissues 
both in animals alad plants, namely, the formation of cells, 
a process which he conceives to take place in the 
following manner. There is, first of all, a structureless 
substance, the cytoblastem, the matrix in which all cells 
originate. The cytoblastem may be either inside the cells, 
or, more usually, in the spaces betweeu them. It is not 
a substance of definite chemical and physical properties, for 
the matrix of cartilage and the plasma of the blood alike 
come within the definition. It has largely the significance of 
food material for tile developing cells. In plants, according 
to Schleiden, cells are never formed in the intercellular 
substance--the cytoblastem is within the cells; but extra- 
cellular cell formation seems to be the general rulein animals. 
An iutracellular formation of cells occurs only in the ovum, 
in cartilage cells and chorda cells and in a few others, 
and even there it is not the exclusive method of formation ; 
a formation of cells vithin cells never occurs in muscles and 
nerves, nor in fibrous tissue (p. co4). In the cytoblastem 
granules appear, vhich gradually increase in size and take on 
the characteristic shape of nuclei; round each of these 
a young cell is formed. Sometimes the young cells appear 
to have no nuclei, as in the intracellular brood of chorda 
cells, but, as a rule, a nucleus is clearly visible. The nucleus 
is indeed the most characteristic constituent of the cell. 
"The most important and most constant criterion of the 
existence of a cell is the presence or absence of the nucleus," 
writes Schwann near the beginning of his book (p. 43)- 
As a general rule the nucleolus is formed first, and round 
it by a sort of condensation or concretion the nucleus, which 
is frequently hollow, and round this again, by a somewhat 
similar process, the cell. "The whole process of the 
formation of a cell consists ill the precipitation round a small 
previously formed corpuscle (the nucleolus) of first one layer 
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(the nucleus)and then later round this a second layer (the 
cell substance)" (p. 213). The outermost layer of the cell 
usually thickens to form the membrane, but this membrane 
formation does not always occur, and the membrane is 
not present in all cells. The nucleus is formed in exactly 
the same manner as the cell, and it might with much truth 
itself be called a cell--a cell of the first order, while ordinary 
nucleated cells might be designated cells of the second order 
(p. 212). In anucleate cells there is probably only a single 
process of layer formation round an infinitely stnall nucleolus. 
In almost all nucleate cells the nucleus is resorbed when the 
cell reaches its full development, and it is larger and more 
important the younger the cell is. 
The cell was for Schwann not a morphological concept at 
all, but a physiological; the cell was a dynamical, not 
a statical unit. Cell-formation was the process at the back 
of all production of life, and cells were the centres of all vital 
activity. Each cell was itself an organism, and its life and 
activities were to some extent independent "of the lives 
and activities of all the other cells. The multicellular 
organism was a colony of unicellular organisms, and its 
life was a sum of the lives of its constituent elements. 
This "theory of the organism," which holds so important 
a place in biology even at the present day, is developed by 
Schwann in the concluding pages of his book. 
He begins by contrasting the teleological with the 
materialistic conception of living things. In the teleological 
view, a special force works in the living organism, guiding 
and directing its activities towards a purposeful end. 
According to the materialistic view there are no other forces 
at work in the living organism than those which act in the 
inorganic realm, or at least there are none but forces at one 
with these in their blindness and necessity. True, the pur- 
posiveness of living processes cannot be denied; but its 
ground lies, according to this view, not in a vital force which 
guides and rules the individual life, but in the original creation 
and collocation of matter according to a rational plan. The 
purposiveness of life is part of the purposiveness of the 
universe; just as the stars circle for ever in harmoniously 
adjusted paths, so do the processes of life work together 
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towards a common end. Both are the inevitable result 
of the original distribution of matter in the primitive 
chaos, a distribution fixed by a rational and foreknowing 
Being (p. 222). 
Which of the two conceptions is to be adopted in biology ? 
Teleological explanations have long been banished from the 
physical sciences, and in biology they are only a last resort 
when physical explanations have proved incomplete (p. 223). 
And if the ground of the purposiveness of living Nature is 
the same as the ground of the purposiveness of the universe, 
is it not reasonable to suppose that explanations which have 
proved satisfactory for inorganic things will in time with 
sufficient knowledge prove adequate also for organic things ? 
The teleological conception, again, leads to difficulties 
particularly when it is applied to the facts of reproduc- 
tion. If we suppose that a vital force unifies and co- 
ordinates the organism and is its very essence, we must 
also suppose that this force is divisible and that a part 
of it--separated in reproduction--can bring about the 
same results as the whole. If on the contrary the forces 
having play in the organism are the mere result of the 
particular combination of the matter composing it, the 
reconstruction of a particular combination of molecules in the 
ovum is all that is necessary to set development a-going 
along exactly the course taken by the ovum of the parent. 
Another argument against the teleological view is derived 
from the facts of the cell-theory. The cell-theory tells 
us that the molecules of the living body are not immediately 
built up in manifold combinations to form the organism, but 
are formed first into unit-constructions or cells, and that 
these units of composition are invariably formed in all 
development, of plants and animals alike, however diverse 
the goal of development may be. If there vere a vital 
principle would we not expect to find that, scorning this 
roundabout way of reaching its goal, it went straight to the 
mark, taking a different and distinctive course for each 
individual development, building up the organism direct 
without the intermediary of cells? But since there is 
a universal principle of development, namely, the formation 
of cells, does it not seem that the cells must be the true 
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organisms, that the vhole "individual" organism must be an 
aggregate of cells, and that the concept of individuality 
applied to the organism is accordingly a logical fiction ? 
And it is just upon this notion of the individuality of 
the organism that the teleological concept is based. The 
teleological view Call perhaps not be completely refuted until 
the adequacy of materialistic explanations has been finally 
shown ; but it is certain that the most promising method for 
research is the materialistic (p. 226). 
"We start out then from the assumption that the 
basis of the organism is not a force acting according 
to a definite plan; on the contrary, the organism arises 
through the action of blind and necessary laws, of forces 
which are as much implicit in matter as those of 
the inorganic world. Since the chemical elements in 
organic Nature differ ill no vay from those of inorganic 
Nature, the ground or cause of organic phenomena can 
consist only in a different mode of combination-of 
matter, either in a peculiar mode of combination of the 
elementary atoms to form atoms of the second order, or 
ill the particular arrangement of these compound molecules 
to form the separate morphological units of the organism 
or the whole organism itself" (p. ;6). Accepting then 
the materialistic conception of the organism, we have to 
consider this further problem. Does the ground of organic 
processes lie in the whole organism or ill its elementary 
parts? Translated into terms of metabolism--note the 
physiological point of view--the question runs, are meta- 
bolic processes the result of the molecular construction 
of the organism as a whole, or does the centre of metabolic 
activity lie in the cell? Is it the cell rather than 
the organism that is the immediate agent of assimi- 
latory processes? Ill the first alternative the cause of the 
growth of the-constituent parts lies ill the totality of the 
organism; in the other alternative :--" Growth is not the 
result of a force having its ground ill the organism as a 
whole, but each of the elementary parts possesses a force 
of its ovn, a life of its own, if you will; that is to say, ill 
each elementary part the molecules are so combined as to 
set free a force whereby the cell is enabled to attract new 
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molecules and so to grow, and the vhole organism exists 
only through the reciprocal action of the single elementary 
parts .... In this eventuality it is the elementary parts 
that form the active element in nutrition, and the totality 
of the organism can be indeed a condition, but on this 
view it cannot be a cause" (p. 227). 
To help in the decision of this question, appeal must be 
made to the facts established as to the cellular nature of the 
organism and of its reproductive elements. \Ve know that 
every organism is composed of cells, xvhich are formed and 
grow according to the same laxvs xvherever they are found, 
whose formation therefore is everywhere due to the same 
forces. If ve find that certain of these cells--all of which 
we know to be essentially identical one vith another-- 
have the poxver vhen separated from the others of growing 
and developing into new organisms, we can infer that not 
only such cells but also all.other cells have this assimilatory 
power. The ova of animals, the spores of plants, the isolated 
cells of lower organisms in general, all show the power of 
separate assimilation and development. " We must therefore, 
in general, ascribe to the cell an individual life, that is to say, 
the combination of the molecules in the single cell does 
suffice to produce the force vhereby the cell is enabled 
to draw to itself new molecules. The ground of nutrition 
and growth lies not in the organism as a whole, but in the 
separate elementary parts, the cells. The fact that it is not 
every cell that can continue to grov when separated from 
the organism is not in itself an objection to this theory, any 
more than it is an objection to the individual life of a bee 
that it cannot continue to exist apart from the swarm. The 
activation of the forces existing vithin the cell depends on 
conditions which the cell encounters only in connection with 
the whol'e" (pp. 228-9). 
Schwann's next step is to discover what are the essential 
forces active in the cell, and here he enters the realm of 
hypothesis. He finds they can be reduced to two--an 
attractive force and a metabolic force. The attractive force 
is seen in the process of cell-formation, xvhere first of all the 
n.ucleolus is formed by a concentration and precipitation of 
substances found free in the cytoblastem, and in the same 
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formed substance may remain ill solution in the cytoblastem 
or may crystallise out as the begilming of a nmv cell ; another 
part, the cell-substance, crystallises round the nucleolus. 
The cell-substance is either soluble in the cytoblastmn and 
crystallises out only when the latter is saturated with it, or it 
is insoluble and crystallises as soon as it is formed, according 
to the aforementioned laws of the crystallisation of imbibition- 
bodies ; it forms thus one or more layers round the nucleolus, 
etc. If one imagines cell-formation to take place in this 
vay, one is led to think of the plastic force of the cell as 
identical with the force by means of vhich a crystal grows" 
(pp. 249-50). 
Txvo difficulties have to be faced by this theory--(I) the 
origin of the metabolic power of the cells, (2) the reason why 
the cells arrange themselves so as to form an organism of 
complex and definite structure. Schwann tries to explain the 
origin of the " metabolic" action, the analogy of which xvith 
the contact-action of colloidal platinum he recognises, by 
attributing it to the peculiar structural arrangements of 
molecules. In attempting to account for the harmonious 
structure of the organism he points to the analogy of ordinary 
crystals, which often form complex and regular tree-like 
arrangements; plants in particular resemble these regularly 
shaped crystal-aggregates. 
The xvhole ingenious theory is offered merely as an 
hypdthesis and a guide to research. It is interesting as one 
of the most carefully thought-out attempts ever made to give 
a thorough-going materialistic account of the origin and 
development of organic form, and it arose directly out of the 
cell-theory. 
Schleiden and Schvann started out from an erroneous 
theory of the origin and development of cells, vhich impaired 
to some extent the value of their results. It was not long, 
however, before their theory of the origin of cells by 
"crystallisation" from an intra- or extra-cellular cytoblastem 
was challenged and overthrown, and the generalisation that 
cells originate by division from pre-existing cells put in its 
place. 
This vas established for plant cells by lIeyen, Unger, 
yon Mohl, Naegeli and Hoflneister n or about the 
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Purkinje, 1 Cohen  and Max Schultze. a The last-named in 
I86I proposed a definition of the cell which might be 
accepted at the present day. " A cell," he wrote, " is a little 
blob of protoplasm containing a nucleus " (p. I ). 

1 i839 or 184o. 
"-' gVova Mcla Mca,1. Leoib., xxii., 85 o. Trans. in 853 for Ray 
Society. 
: .trch.  .'bin/. u. Physiol., pp. -z7, 86. 



CHAPTER XII 

TIlE CLOSE OF THE PRE-EVOLU'TIONARY PERIOD 

TIlE influence of the cell-theory on morphology xvas not 
altogether happy. The cell-theory was from the first 
physiological; cells were looked upon as centres of force 
rather than elements of form, and the explanation of all the 
activities of the orkanism was sought in the action of these 
separate dynamic centres. There resulted a certain loss of 
feeling for the problems of form. The organism vas seen no 
longer as a cunningly constructed complex of organs, tissues 
and cells; it had become a mere cell-aggregate; the higher 
elements of form were disregarded and ignored. 
\Ve have seen this physiological attitude expressed with 
the utmost clearness by the founder of the cell-theory him- 
self; we sha, lq'see the same attitude taken up by most of his 
successors. Thus Vogt, who was later to become one of 
the protagonists of materialism in Germany, developed in 
his memoir on the embryology of Coregonus  the theory of 
the independent or individual life of the cell. " Each cell," 
he wrote, "represents in some measure a separate organism, 
and while their development necessarily conforms to the 
general plan and the particular tendencies of the parent 
organism, they nevertheless each follov their owa particular 
tendency and do not lose their independence until, by reason 
of the metamorphoses which they undergo, they lose their 
cellular nature" (p. 275). 
And again, "... we are obliged to admit the existence 
in the cell of an independent life, which makes its develop- 
ment self-sufficient .... Each cell consequently represents 
a little independent organism, which assimilates foreign sub- 
stances, builds them up, and rejects those that are useless; 
1 Embr),oloie des Salmones, I842. 
190 
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suppose that Nature wishes to adapt a fish, which lreathes by 
gills, to life in the air; she does not create an organ specially 
for this purpose, but utilises the moist gill-chamber 
in 21zabas scamtels), modifying it in certain ways so that the 
fish can take advantage of the oxygen it contains. But this 
gill-chamber lung is at best a makeshift, and when she comes 
to the more definitely terrestrial Amphibia Nature gives up 
the atte.mpt to use the gill-chamber as a lung, and creates a 
new organ, the true vertebrate lung, specially adapted 
for breathing air (p. 475). 
But whatever means Nature adopts, her aim is always the 
same--to specialise, to differentiate, to produce diversity 
from uniformity. 
Differentiation not only raises the level of organisation ; 
it usually also takes the direction of adaptation to particular 
habits of life, and this is perhaps the most fruitful cause 
of diversity. Everywhere we find animals specialised in 
adaptation to their environment--to life in air or water, or 
on land--and many of their most striking differences are due 
to this cause. But adaptation may also act in reducing 
diversity, for there necessarily occur many instances of 
parallel adaptation or convergence. So we get the ex- 
traordinary parallelism between the families of marsupials 
and the orders of placentals, 1 the remarkable similarity 
between the respiratory organs of land-crabs and air- 
breathing fish--to mention only two out of an immense 
range of analogous facts. 
The last cause of diversity that Milne-Edwards adduces 
is what he calls a "borrowing" of peculiarities of structure 
from another systematic group. Thus, "among reptiles, 
the tortoises seem to have borrowed from birds some of their 
characteristic features of organisation; and among the 
sauroid fishes the piscine type seems to have been influenced 
by the type from which reptiles are derived" (p. 479). So 
many riddles that, a little later on, stimulated the ingenuity 
of the evolutionists ! 
Such, then, vere the factors which Milne-Edwards 
 Studied by Isidore Geoffroy St Hilaire in his paper Classification 
barallt;lique ties zl[ammif3rcs, C. R. Acad. SoL, xx., 845. Remarked 
upon by Cuvier, R@ne animaL, i., p. 7, 87, also by de Blainville. 
O 
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in the front end to form a head--all in direct adaptation 
to this forward movement; they make up the vast majority 
of animals. 
The fundamental forms of living things are, however, 
merely so many themes on which a multitude of further 
variations are woven, through the action of the laws which 
rule the detail of organic-diversities. These further laws 
may be set down under four main heads. Under the first 
comes the law of the existence of certain fundamentally 
distinct structural types, which are distinguished from one 
another by their ground-form, by the number of organ- 
systems, and by the number of homotypic organs they possess, 
but principally by the relative position of the organs to one 
another (principle of connections). The form and connections 
of the nervous system are of particular importance in 
distinguishing the types (c_fi. Cuvier). The second factor in 
the diversity of organic form is the action of certain laws 
of progressive development i (1tu, icX-clu1gcsgt=e), which 
bear the same relation to the development of the animal 
kingdom as the laws of individual development bear to the 
development of the embryo, for organs appear in the 
different animal series in much the same order and 
manner as they develop in the individual. These laws are 
(t) progressive differentiation of functions and organs; 
(2) numerical reduction of serially repeated parts; (3) 
concentration of functions and their organs in particular 
parts of the body; (4) centralisation of organ-systems 
and parts of such, so that they come to depend upon one 
central organ; (5) internalisation of the "noblest" organs, 
unless these arc necessarily external, and ((5) increase in 
size of the whole or of parts. Of these the law of differ- 
entiation is by far the most important, and most of the 
others are in a sense merely special cases of this fundamental 
law. To this law of differentiation is due the increase in 
complexity or perfection of organisation which is shown by 
all the animal series. Bronn himself recognised the great 
similarity of this law of progressive differentiation to Milne- 
Edwards' principle of the division of labour; he seems, how- 
ever, to have arrived at it independently. 
1 Cfi Meckel's Principle of progressive Evolution, su!)ra, p. 93. 
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and he has been forced to modify in some respects the rigour 
of his doctrine. But he still holds fast to the main thesis of 
transcendentalism--.the absolute unity of plan of all animals, 
vertebrate and invertebrate alike, 1 the gradual perfecting of 
organisation from monad to man, the repetition in the 
embryogeny of the higher animals of the "zoogeny" of the 
lower. 
He recgnised, however, that the idea of a simple scale 
of beings is only an abstraction, and that the true repetition 
is of organs rather than of organisms. He was willing even 
to admit, at least in the later pages of his memoir, that there 
might be not one animal series but several parallel series, as 
bad been suggested by Isidore Geoffroy St Hilaire (p. 749)- 
In general, his views are now less dogmatic than they were 
in his earlier writings, but they are not for all that changed 
in any essential. For, in summing up his main results, he 
writes, " The whole animal kingdom can in some measure be 
regarded ideally as a single animal, which, in the course of 
formation and metamorphosis in its diverse manifestations, 
here and there arrests its own development, and thus 
determines at each point of interruption, by the very state it 
has reached, the distinctive characters of the phyla, the 
classes, families, genera, and species" (p. 833). "0 
To settle the dispute pending between two of its most 
illustrious members, the Academy proposed in 853, as the 
subject of one of its prizes, "the positive determination of 
the resemblances and differences in the comparative develop- 
ment of Vertebrates and Invertebrates." A memoir was 
presented the next year by Lereboullet  vhich met with 
the approval cf the Academy in so far as its statements of 
fact were concerned, but seemed to them to require amplifica- 

a The inversion of the organs shown by Vertebrates as compared 
with Invertebrates is due to the reversed position of the embryo 
relatively to the yolk ! (pp. 821-6). 
" It is worth while recording that Serres enunciated a "law of 
symmetry" according to which the embryo is formed by the union of its 
two symmetrical halves--a law which recalls the "concrescence theory" 
of His and some modern embryologists. 
 " Embryologie compare du Brochet, de la Perche, et de l'Ecrfi- 
visse," Ann. Sci. nat. (4), i., p. :37, 854; ii., p. 39, 854- 
Sarans clran,oers, xvii. 
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fore primordial, and we can say vith M. Milne-Edwards that 
cz,c,ythinff goes to prove tlazt tlze disti, zction established by 
Nature bela,ccn animals belo1gi,ff to diffcrelzt glo'la is a prim- 
ordial distictiou " (p. 58). 
In other directions also von Baer's work vas confirmed 
and extended by later observers--those parts of it particu- 
larly that had reference to the germ-layer theory, and to the 
concept of histological differentiation. His germ-layer theory 
vas accepted in its main lines by Rathke, Bischoff and 
Lereboullet, and applied by them to the multitude of nmv 
facts they discovered. Rathke, in particular, was a firm up- 
holder of the doctrine, and made considerable use of it in 
his writings? Even before the publication of von Baer's 
book he had interpreted in terms of the germ-layer theory 
sketched by his friend Pander the splitting of the blastoderm 
vhich occurs in the early development of Atacus, vhereby 
there are formed a serous and a mucous layer, one inside 
the other--like the coats of an onion, to use his o.vn ex- 
pressive phrase, e 
An ingenious application of the Pander-Baer theory was 
made by Huxley, who compared the outer and inner cell- 
layers which form the groundwork of the Ccelentera With 
theserous and mucous layers of the vertebrate germ.  He 
laid stress, it is true, rather on the physiological than on 
the morphological resemblance. "A complete identity of 
structure," he writes, "connects the 'foundation membranes' 
of the Medusre vith the corresponding organs in the rest o[ 
the series ; and it is curious to remark, that throughout, the 
outer and inner membranes appear to bear the same physio- 
logical relation to one another as do the serous and mucous 
layers of the germ; the outer becoming developed into the 
muscular system, and giving rise to the organs of offence and 
defence ; the inner, on the other hand, appearing to be more 
closely subservient to the purposes of nutrition and genera- 
tion" (p. 24). Von Baer had already hinted at this homology 

 Particularly in his tTlennius (833) and Nalter (839). 
" In the "preliminary notice" of his Crayfish paperIsis, pp m93- 
I IOO, 1825. 
a "On the Anatomy and the Affinities of the Family of the Medusae," 
Phil. Trans., 849 ; ScL .lIemoirs, i., pp. 9-32. 
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logical rather than morphological. The distinction which he 
draws betveen the sensory and trophic layers on the one 
hand, and the motor-germinative layer on the other, is 
entirely a histological one. The greater part of his book, 
indeed, is devoted to a study of the histogenesis of the 
different organs of the body; he is bent chiefly upon 
unravelling the part which each germ-layer takes in the 
formation of each tissue and organ. 
His generalisation that two of the germ-layers give rise 
exclusively or almost exclusively to one kind of tissue 
excited great interest at the time, ,and gave the direction 
to histogenetic research for quite a number of years, though 
in the end it turned out to be insufficiently founded. 
Though Remak's germ-layer theory had thus principally 
a histological orientation, it laid down the main lines of the 
modern morphological treatment of the germ-layers. 



CHAPTER XIII 

TIlE RELATION OF LAMARCK AND DARWIN TO 
MORPHOLOGY. 

IT is a remarkable fact that morphology took but a very 
little part ill the formation of evolution-theory. When one 
remembers what powerful arguments for evolutioa can be 
drawn from such facts as the unity of plan and composition 
and the law of parallelism, one is astonished to find that it 
was not the morphologists at all who founded the theory of 
evolution. 
It is true that the'noticeable resemblances of animals to 
one another, the possibility of arranging them in a system, 
the vague perception of an all-pervading plan of structure, 
did suggest to many minds the thought that systematic 
affinities might be due to blood-relationship. Thus Leibniz 
considered that the cat tribe might possibly be descended 
from a common ancestor, 1 and another great philosopher, 
Immanuel Kant, was led by his perception of the unity of 
type to suggest as possible the derivation of the whole 
organic realm from one parent form, or even ultimately from 
inorganic matter. In the course of his masterly discussion 
of mechanism and teleology,"-he writes, " The agreement of 
so many genera of animals in a certain common schema, 
which appears to be fundamental not Ollly in the structure 
of their bones, but also in the disposition of their remaining 
parts--so that with all admirable simplicity of original outline, 
a great variety ofspecies has been produced by the shortening 
of one member and the lengthening of another, the involution 
of this part and the evolution of that--allows a ray of 
hope, however faint, to penetrate into our minds, that here 
1 R,'idl loc. cil. i., p. 7I. "2 lfrilik der Urtkeilskraft, 179 o. 
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Ill the large, group of apathetic or irisensitive animals, 
which do not possess this faculty, needs cannot be experi- 
enced ; accordingly new organs are here formed directly and 
mechanically, by thd movements of the vital fluids set in 
action by excitations from without--the evolution, like the 
behaviour, of these animals is due to the direct and physical 
action of the environmelat. "But this is not the case with 
the nore highly organised aniznals which possess fi'clilg. 
They experience needs, and each need felt, acting upon their 
'inner feeling,' immediately directs the fluids and the forces 
to the part of the body where action can satisfy the need. 
No,v, if there exists at this point an organ capable of per- 
forming the required action, it is quickly stimulated to act; 
and if the organ does not exist and the need is pressing 
and sustained, bit by bit the organ is produced and developed 
in proportion to. the continuity and tiae energy of its use " 
(p. 155). 
In intelligent animals the sclztimct ih;ricztr may be 
moved by thought or will. 
As an example of the vay in which the law works 
Lamarck takes the hypothetical case of a gastropod mollusc, 
which as it creeps along experiences dimly the need to feel 
the objects in front of it. It makes an effort (unconscious, 
be it noted) to touch these objects with the anterior portions 
of its head, and sends forward continually to these parts 
a great volume of nervous and other fluids. From these 
efforts and the repeated afflux of fluids there must result 
a development of the nerves supplying these parts. And as, 
along with the nervous fluids, nutritive juices constantly flow 
to the parts, there must result the formation of two or four 
tentacles in the .places to which these fluids are directed. 
A curious mixture of mechanistic "explanations" and 
vitalistic hypothesis ! 
In his third law, that use and disuse are pmverful to 
modify organs, Lamarck is upon more solid ground, and can 
point to many instances of the visible effect of these factors 
of change. It is of course rather closely bound up with his 
second lav and may even be regarded as an extension 
of it. 
The law has reference to one of the most powerful means 
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employed by Nature to diversify species, a means which 
comes into play whenever the. environment changes. The 
cause of the great diversity shown by animal species is indeed 
ultimately to be sought in the environment. As the imperfect 
and earliest forms developed they spread over the earth and 
invaded the utmost corners of it :--" One can imagine what 
an enormous variety of habitats, stations, climates, available 
foods, environing media, etc., animals and plants have had to 
endure, as the existing species were forced to change their 
place of abode. And although these changes have taken 
place with extreme slowness . . . their reality, necessitated 
by various causes, has none the less induced the species 
affected by them slowly to change their manner of life and 
their habitual actions. Through the effects of the second and 
third of the laws cited above, these induced activity-changes 
must have brought into being new organs, and must have 
been able to develop them further -if more frequent use was 
made of them; they must in the same way have been 
capable of bringing about the degeneration and finally the 
complete disappearance of existing organs which had become 
useless" (p. x6). 
On the other hand, if the environment does not change, 
species remain constant. 
It is to be noted that change in environment is rather the 
occasion than the cause of modification; the environment 
induces the organism to change its habitual way of life; it 
sets up new needs, to satisfy which the organism must modify 
its structure. It is the organism that takes the active part 
in all this, the action of the environment is indirect. 
Of Lamarck's fourth law, which asserts the transmission 
of acquired characters, little need here be said in the way of 
exposition. Upon the truth of it depends of course Lamarck's 
whole theory. He himself never dreamed that anyone would 
ever dispute it. 
Lamarck sums up as follows :--" By the four laws which I 
have just enunciated all the facts of organisation seem to me 
to be easily explained; the progression in the complexity 
of organisation of animals, and in heir faculties, seems 
to me easy to conceive; so, too, the means which Nature 
has employed to diversify animals, and bring them to the 
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organs as vitnesses to that unity. He seems not to have 
known of the recapitulation theory, of which he might have 
made such good use as powerful evidence for evolution. 
Even with the German transcendentalists, with whom in the 
looseness of his generalisations he shows some affinity, he 
seems not to have been specially acquainted. 
He was interested more in the problems suggested to 
him by his daily vork ill the museum, lie vanted to know 
why species graded so annoyingly into one another; he 
wanted to examine critically his haunting suspicion that 
species were really not distinct, and that classification was 
purely conventional. The question, too, of the adaptation 
of species to their environment, the problem of ecological 
adaptation, ill distinction to that of functional adaptation 
which interested Cuvier so greatly, came vividly before him 
as he worked through the vast collections of the museum. 
lie was the first systematist to occupy himself in a 
philosophical manner with the ploblems of general biology. 
He introduced new problems and a nev way of looking at 
old. With Lamarck the problem of species and the problem 
of ecological adaptation enter into general biology. 
The one point in which he does definitely carry on the 
thought of his predecessors is his conception of the animal 
kingdom as forming a scale of (functional)perfection. He 
did not go to the same extreme as Bonnet; he did not even 
consider that the animal series was a continuation of the 
vegetable series; in his opinion they formed two diverging 
scales. He recognised, too, that among animals there was 
no simple and regular gradation from the lowest to the 
highest, but that the orderly progression was disturbed and 
diverted by the necessity of adaptation to different environ- 
ments. It is interesting to note that ill developing this 
idea he arrived at a roughly accurate distinction between 
homologous and analogous structures. More importance, he 
thought, was to be attributed in classifying animals to 
characters which appeared due to the "plan of Nature" 
than to such as were produced by an external modifying 
cause (p. 299 ). But he did not formulate the distinction in 
any strictly morphological way. 
As his ideas developed he laid less stress upon the sim- 
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of the Yeagle I had been deeply impressed by discovering in 
the Pampean formation great fossil animals covered with 
armour like that on the existing armadillos ; secondly, by the 
manner in which closely allied animals replace one another in 
proceeling southwards over the continent; and thirdly, by 
the South Anerican character of most of the productions 
of the Galapagos archipelago, and more especially by the 
manner in which they differ slightly on each island of the 
group; some of the islands appearing to be very ancient in a 
geological sense. 
" It vas evident that such facts as these, as vell as many 
others, could only be explained on the supposition that 
species gradually become modified ; and the subject haunted 
me. But it was equally evident that neither the action 
of the surrounding conditions, nor the will of the organisms 
(especially in the case of plants) could account for the 
innumerable cases in which organisms of ever), kind are 
beautifully adapted to their habits, of life=-for instance, 
a woodpecker or a tree-frog to climb trees, or a seed for 
dispersal by hooks or plumes. I had always been much 
struck by such adaptations, and until these could be 
explained it seemed to me almost useless to endeavour 
to prove by indirect evidence that species have been 
modified."  
All Darwin's varied subsequent work revolved round 
these, for him, essential problems---How do species change, 
and how do they become adapted to their environment? 
He never ceased to be essentially a field naturalist, and his 
theory of natural selection vould haize been an empty and 
abstract thing if his vast knowledge and understanding of the 
" web of life" had not given it colour and form. He never 
lost touch with the living thing in its living, breathing reality 
--even plants he rightly regarded as active things, full of 
tricks and contrivances for making their xvay in the vorld. 
No one ever realised more vividly than he the delicacy and 
complexity of the adaptations to environment which are the 
necessary condition of success in the struggle for existence. 
Almost his greatest service to biology vas that he made 
 Life and Lellcrs of Charles Darwin, ed. F. Darwin, i., p. 82, 
3rd ed., $87. 
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the second with the general evidence for evolution. It is in 
the second part that the paragraphs on morphological matters 
occur. In paragraph 7, on affinities and classification, 
Darwin points out that on the theory of evolution homological 
relationship vould be real relationship, and the natural 
system would really be genealogical. In the next paragraph 
he notes that evolution would account for the unity of type 
in the great classes, for the metamorphosis of organs, and for 
the close resemblance which early embryos show to one 
another. It is of special interest to note that he definitely 
rejects the Meckel-Serres theory of recapitulation. " It is 
not true," he writes, " that one passes through the form of 
a lower group, though no doubt fish more nearly related to 
foetal state" (p. 42). The greater divergence which adults 
show seems to him to be due to the fact that selection acts 
more on the later than on the embryonic stages. He realises 
very clearly hoxv illuminative the theory of evolution is when 
applied to the puzzling facts of embryonic development. 
"The less differences of fcetus--this has obvious meaning on 
this view: otherwise how strange that a horse, a man, a bat 
should at one time of life have arteries, running in a manner 
which is only intelligibly useful in a fish ! The natural system 
being on theory genealogical, ve can at once see why foetus, 
retaining traces of the ancestral form, is of the highest value 
in classification" (p. 45). 
Abortive organs, too, gain significance on the evolutionary 
hypothesis. "The affinity of different groups, the unity of 
types of structure, the representative forms through which 
foetus passes, the metamorphosis of organs, the abortion of 
others, cease to be metaphorical expressions and become 
intelligible facts" (p. 5o). 
In general, organisms can be understood only if we take 
into account the cardinal fact that they are historical beings. 
"We must look at every complicated mechanism and instinct 
as the summary of a long history of useful contrivances much 
like a work of art" (p. 5z).  
Already in I84 Darvin had seized upon the main 
principles of evolutionary morphology: the indications then 
given are elaborated in the thirteenth chapter of the 
 Cf. a parallel passage in the Origin, 1st ed., pp. 485-6. 
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"than that the hand of a man, formed for grasping, that of a 
mole for digging, the leg of a horse, the paddle of the por- 
poise, and the wing of the bat, should all be constructed on 
the same pattern, and should include similar bones, in the 
same relative positions? Geoffroy St Hilaire has strongly 
insisted on the high importance of relative position or con- 
nection in homologous parts ; they may differ to almost any 
extent in form and size, and yet remain connected together 
in the same invariable order" (p. 434)- 
The unity of plan cannot be explained on teleological 
grounds, as Owen has admitted in his A'alltre of Limbs, nor 
is it explicable on the hypothesis of special creation (p. 435). 
It can be understood only on the theory that animals are 
descended from one another and retain for innumerable 
generations the essential organisation of their ancestors. 
"The explanation is to a large extent simple on the theory 
of the selection of successive slight modifications--each 
modification being profitab, le in some way to the modified 
form, but often affecting by correlation other parts of the 
organisation. In changes of this nature, there will be little 
or no tendency to alter the original pattern or to transpose 
the parts .... If we suppose that the ancient progenitor, the 
archetype as it may be called, of all animals, had its limbs 
constructed on the existing general pattern, for whatever 
purpose they served, we can at once perceive the plain 
significance of the homologous construction of the limbs 
throughout the whole class" (p. 435). 
We may note three important points in this passage 
first, the identification of the archetype with the common 
progenitor; second, the view that progressive evolution is 
essentially adaptive, and dominated by natur'al selection; 
and third, the petitio pricipii involved in the assumption 
that adaptive modification brings inevitably in its train 
the necessary correlative changes. 
In his section on morphology Darwin shows clearly the 
influence of Owen, and through him of the transcendental 
anatomists. He refers to the transcendental idea of "meta- 
morphosis," as exemplified in the vertebral theory of the 
skull and the theory of the plant appendage, and shows hov, 
on the hypothesis of descent with modification, "meta- 
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morphosis" may now be interpreted literally, and no longer 
figuratively merely (p. 439)- 
Very great interest attaches to Darwin's treatment of 
development, for post-Darwinian morphology was based to a 
very large extent on the presumed relation bett,een the 
development of the individual and the evolution of the race. 
Just as he kept clear of the notion of the scale of beings, so 
he avoided the snare of the Meckel-Serres theory of recapitu- 
lation, according to which the embryo of the highest animal, 
man, during its development climbs the ladder upon the 
rungs of which the whole animal series is distributed, in its 
gradual progression from simplicity to complexity. The law 
ofdevelopment which he adopts is that of von Baer, which 
states that development is essentially differentiation, and 
that as a result embryos belonging to the same group resemble 
one another the more the less advanced they are in develop- 
ment. There can be little doubt that he was indebted 
to von Baer for the idea, and in the later editions of the 
Origi he acknowledges this by quoting the well-known 
passage in which von Baer tells how he had two embryos in 
spirit which he was unable to refer definitely to their 
proper class among Vertebrates.  
Not only are embryos more alike than adults, because 
less differentiated, but it is in points not directly connected 
with the conditions of existence, not strictly adaptive, that 
their resemblance is strongest (p. 44o)think, for instance, of 
the arrangement of aortic arches common to all vertebrate 
embryos. Larval forms are to some extent exceptions 
to this rule, for they are often specially adapted to their 
particular mode of life, and convergence of structure may 
accordingly result. All these facts require an explanation. 
" How, then, can we explain these several facts in embryology 
namely, the very general, but not universal, difference in 
structure between the embryo and the adult--of parts in the 
same individual embryo, which ultimately become very 
unlike and serve for different purposes, being at this early 
period of growth alike--of embryos of different species 
within the same class, generally but not universally, 
 In the ist ed. (p. 439), Darwin makes the curious mistake 
of attributing this story to Agassiz. 
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resembling each other--of the structure of the embryo not 
being closely related to its conditions of existence, except 
when the embryo becomes at any period of life active and 
has to provide for itself---of the embryo apparently having 
sometimes a higher organisation than the mature animal, into 
which it is developed" (pp. 442-3). Obviously all these facts 
are formally'explained by the doctrine of descent. But Darwin 
goes further, he tries to shoxv exactly hov it is that the 
embryos resemble one another more than the adults. He 
thinks that the phenomenon results from two pri?ciples-- 
first, that modifications usually supervene late in the life of 
the individual; and second, that such modifications tend to 
be inherited by the offspring at a corresponding, not early, 
age (p. 444). 
Thus, applying these principles to a hypothetical case of 
the origin of new species of birds from a common stock, 
he vrites :--"... from the many slight successive steps of 
variation having supervened at a rather late age and 
having been inherited at a corresponding age, the young 
of the new species of our supposed genus will mani- 
festly tend to resemble each other much more closely than 
do the adults, just as we have seen in the case of pigeons" 1 
(PP. 446-7). 
Since the embryo shows the generalised type, the struc- 
ture of the embryo is useful for classificatory purposes. "For 
the embryo is the animal in its less modified state; and in 
so far it reveals the structure of its progenitor" (p. 449)--the 
embryological archetype reveals the ancestral form. " Em- 
bryology rises greatly in interest, when we thus look at the 
embryo as a picture, more or less complete, of the parent 
form of each great class of animals" (p. 45o)--a prophetic 
remark, in view of the enormous subsequent development of 
phylogenetic speculation. 
\Ve may sum up by saying that Darvin interpreted von 
Baer's law phylogenetically. 
The rest of the chapter is devoted to a discussion of 
abortive and vestigial organs, whose existence Darwin 

 In which nestlings of the different varieties are much more alike 
than adults. Darwin attached much importance to this idea, see 
Life and Letters, i., p. 88, and ii., p. 338. 
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Darwin's conception of correlation was singularly in- 
complete. As examples of correlation he advanced such 
trivial cases as the relation between albinism, deafless and 
blue eyes in cats, or between the tortoise-shell colour and the 
female sex. He used the word only in connection with what 
he called "correlated variation," meaning by this expression 
" that the whole organisation is so tied together during its 
growth and development, that when slight variations in any 
one part occur, and are accumulated through natural selection, 
other parts become modified" (6th ed., p. 77). He took it 
for granted that the "correlated variations" vould be 
adapted to the origin'al variation which was acted upon by 
natural selection, and he saw no difficulty in the gradual 
evolution of a complicated organ like the eye if only the 
steps were small enough. " It has been objected," he xvrites, 
" that in order to modify the eye and still preserve it as a 
perfect instrument, many changes would have to be effected 
simultaneously, which, it is assumed, could not be done 
through natural selection ; but as I have attempted to show 
in my work on the variation of domestic animals, it is not 
necessary to suppose that the modifications xvere all 
simultaneous, if they were extremely slight and gradual" 
(6th ed., p. 26). 
In post-Darwinian speculation the difficulty of explaining 
correlated variation by natural selection alone became more 
acutely realised, and it was chiefly this difficulty that led 
Weismann to formulate his hypothesis of germinal selection 
as a necessary supplement to the general selection theory. 
The change in the conception of correlation which 
Darwin's influence brought about has been very clearly 
stated by E. yon Hartmann, 1 from whom the following is 
taken :--" While the correlation of parts in the organism was 
before Darwin regarded exclusively from the standpoint of 
morphological systematics, Darwin tried to look at it from 
the standpoint of physiological and genealogical develop- 
ment, and in so doing he put the standpoint of morphological 
systematics in the shade. But the more we are now beginning 
to realise that systematic relationship does not necessarily 
 Das Problem des Lebens. giologische Studien. Bad Sacha, 9o6. 
See also E. R,'idl, ioL Cenlralblatl, xxi., 9o. 
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ERNST IIAECKEL AND CARL GEGENIIAUR 

AT the time when Darwin's work appeared there already 
existed, as we have seen, a fully formed morphology xvith set 
and definite principles. The aim of this pre-evolutionary 
morphology had been to discover and work out in detail the 
unity of plan underlying the diversity of forms, to disentangle 
the constant in animal form and distinguish from it the 
accessory and adaptive. The main principle upon which 
this work was based was the principle of connections, so 
clearly stated by Goffroy. The principle of connections 
served as a guide in the search for the archetype, and this 
search was prosecuted in tvo directions--first, by the com- 
parison of adult structure; and second, by the comparative 
study of developing embryos. It xvas found that the 
archetype was shawl1 most clearly by the early embryo, and 
this embryological archetype came to be preferred before the 
archetype of comparative anatomy. It became apparent also 
that the parts first formed (germ-layers) were of primary 
importance for the establishing of homologies. 
While practically all morphologists were agreed as to the 
main principles of their science, they yet showed, as regards 
their general attitude to the probletns of form, a fairly 
definite division into two groups, of which one laid stress 
upon the intimate relation existing between form and 
functi.on, while the other disregarded function completely, 
and sought to build up a "pure" or abstract morphology. 
In opposition to both groups, in opposition really to 
morphology altogether, a movement had gained strength 
which tended towards the analysis and disintegration of the 
organism. This movement took its origin in the current 
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related organisms with one another and with the common 
ancestral form" (ii., p. 4-'o). 
The degree of systematic relationship is thus the degree 
of genealogical affinity. It follows that the natural system 
of classification may be converted straightway into a 
genealogical tree, and this is actually what Haeckel does in 
the GozcralA[orhohv. The genealogical trees depicted in 
the second volume (plates k-viii.) are nothiug more than 
graphic representations of the ordinary systematic relation- 
ships of organisms, with a few hypothetical ancestral groups 
or forms thrown in to give the whole a genealogical turn. 
If the genealogical tree is truly represented by the 
natural system, it would seem that for each genus a single 
ancestral form must be postulated, for each group of genera 
a single more primitive form, and so in general for each of 
the higher classificatory categories, right up to the phylum. 
Species of one genus must be descended from a generic 
ancestral form, genera of one family from a single family 
Uform, and so on for the higher categories. 
This consequence was explicitly recognised by Haeckel. 
"Genera and families," he writes, "as the next highest 
systematic grades, are extinct species which have resolved 
themselves into a divergent bunch of forms (Formebiischd)" 
(ii., p. 420). 
The archetype of the genus, family, order, class and 
phylum was thus conceived to have had at some past time 
a real existence. 
The natural system of classification is based upon a 
proper appreciation of the distinction between homological 
and analogical characters. Haeckel, following Darwin, 
naturally interprets the former as due to inheritance, the 
latter as due to adaptation, using these xvords, we may note, 
in their accepted meaning and not in the abstract empty 
sense he had previously attributed to them.  Similarly the 
"type of organisation," in yon Baer's sense, was due to 
heredity, the "grade of differentiation" to adaptation. 
So far Haeckel merely emphasised what Darwin had 
already said in the Origiu of S2ecies. But by his statement 
of the "biogenetic law," and particularly by the clever use 
1 But he himself would not admit this ! See Gen. Aloribh., ii., p.  . 
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"The complete and accurate repetition of phyletic by 
biontic development is obliterated and abbreviated by 
secondary contraction, as ontogeny strikes out for itself an 
ever straighter course ; accordingly, the repetition is the more 
complete the longer the series of young stages successively 
passed through. 
"The complete and accurate repetition of phyletic by 
biontic development is falsified and altered by secondary 
adaptation, in that the bion i during its individual develop- 
ment adapts itself to new conditions: accordingly the 
repetition is the more accurate the greater the resem- 
blance between the conditions of existence under which 
respectively the bion and its ancestors developed" (ii., 
p. 300). 
The last two propositions, it will be observed, are taken 
over almost verbally from I". Mfiller. 
Now we have seen that the natural system of classification 
gives a true picture of the genealogical relationships of 
organisms, that the smaller and larger classificatory groups 
correspond to greater or lesser branches of the genealogical 
tree. If ontogeny is a recapitulation of phylogeny, we must 
expect to find the embryo repeating the organisation first 
of the ancestor of the phylum, then of the ancestor of the 
class, the order, the family and the genus to which it belongs. 
There must be a threefold parallelism between the natural 
system, ontogeny and phylogeny (ii., pp. 42I-2). 
It will be observed that there is here implied an analogy 
between the biogenetic law and the law of von Baer, for 
both assert that development proceeds from the general to 
the special, that the farther back in development you go the 
more generalised do you find the structure of the embryo; 
both assert, too, that differentiation of structure takes place not 
in one progressive or regressive line, but in several diverging 
directions. 
But the analogy between the biogenetic law and the 
Meckel-Serres lav is even more obvious, and the resemblance 
between the two is much more fundamental. It is a 
significant fact that in his theory of the threefold 
1 The bion is the physiological, as the rnorphon is the morphological, 
individual. 
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last for life in the lmver fishes. The next phase xvhich 
follows on this presents us with a change of the fish-like 
being into a kind of amphibious animal. At a later period 
the mammal, with its special characteristics, develops out of 
the amphibian, and we can clearly see, in the successive 
stages of its later development, a series of steps of progressive 
transformation which evidently correspond with the differences 
of different mammalian orders and families. 'a 
The biogenetic law went beyond both the Meckel-Serres 
law and the law of yon Baer in that it recognised that the 
ancestral history of the species accounts in part for the 
course which the de'velopment of the individual takes, that in 
a certain sense, though not in the crude way supposed by 
1 Iaeckel, phylogeny is the cause of ontogeny. This thought, 
that the organism is before all an historical being, is of course 
implied in the evolution idea, is indeed the essential core of 
it. Take away this element from the biogenetic law--uot a 
difficult matter--and it becomes merely a law of idealistic 
morphology, applicable to evolution considered as an ideal 
process, as the progressive development iu the Divine thought 
of archetypal models. 
As a book, the Goe1"al ][orphology suffers a good deal 
from the arid, schematic, almost scholastic manner of 
exposition adopted, tlaeckel's Prussian mauia for organisa- 
tion, for absolute distinctions, for iron-bound formalism, is 
here given full scope. A treatment less adequate to the 
variety, fluidity and changeableness of living things could 
hardly be imagined. 
His doctrine, though it remains essentially unchanged, 
receives in his later works a less formal and more concrete 
expression, and, in particular, his views on the biogenetic 
law undergo some small modification. 
Even in the General[o'hohgg, Haeckel had recognised 
that ontogeny is neither a complete nor an entirely accurate 
recapitulation of phylogeny; he had admitted, following 
F. Mfiller, that the true course of recapitulation was 
frequently modified by. larval and foetal adaptations. As 
time weut on, he was forced to hedge more and more on this 
point, and finally iu his Alkro2ogeie (I874) and his second 
 C a parallel passage from Serres, sulSra , p. 
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the general heading of cenogenesis arc, first, the occurrence 
of food-yolk, and second, those anomalies of development 
xvhich are classed by Haeckel as heterochronies and 
heterotopies. 
It is to the influence of the different amounts of yolk 
present in the egg that are due the great differences in 
the segmentation and gastrulation processes, which almost 
mask their true significance. 
Heterochronic processes are such as arise through the 
dislocation of the proper phylogenetic order of succession: 
heterotopic processes in the same va.v are caused by a 
vandering of cells from one germ-layer to another. The two 
classes of phenomena are disturbances either of the proper 
spatial or of the proper temporal relation of the parts during 
development. 
Heterochrony shows itself, as a rule, either as an accelera- 
tion or as a retardation of developmental events,'as compared 
with their relative time of occurrence during phylogeny. 
Thus the notochord, the brain, the eyes, the heart, appear 
earlier in the ontogenetic than in the phylogenetic series, 
while, on the other hand, the septum of the auricles appears 
in the development of the higher Vertebrates before the 
ventricular septum, which is undoubtedly a reversal of the 
phylogenetic order. 
Cases of heterotopy, or of organs being developed in a 
position or a germ-layer other than that in which they 
originally arose in phylogeny, are not so easy to find. 
According to. Haeckel, the origin of the generative products 
in the mesoderm is a heterotopic phenomenon, for he 
conside:s that they must.have originated ph)-logeneticall), in 
one of the tvo primary layers, ectoderm or endoderm. 
It is worthy of note that the help of comparative anatomy 
is admittedly required in deciding what processes are 
palingenetic and what cenogenetic (p. 412). 

Haeckel's morphological notions, and particularly his 
biogenetic law, excited a good deal of adverse criticism 
from men like His, Claus, Salensky, Semper and Goette. 
Nor was his principal work, the General .[orholog3,, received 
with much favour. Nevertheless, since he did express, 
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fact is of great importance, for those changes which an organ 
undergoes during its individual development lead through 
states which the organ in other cases permanently shows, 
or at the least the first appearance of the organ is the 
equivalent of a permanent state in another organism. If 
then the fully developed organ is in any special case so 
greatly modified that its proper relation to some organ-series 
is obscured, this relation may be cleared up by a knowledge 
of the organ's development. The earlier state indicated in 
this way enables one to find with ease the proper place for 
the organ and so insert it into an already known series. 
The relations which we observe in an organ-seriation are 
then the equivalent of processes which in certain cases take 
place in a similar manner during the individual development 
of an organ. Embryology enters therefore into the closest 
connection with comparative anatomy .... It teaches us to 
know organs in their earliest states, and connects them up 
with the permanent states of others, whereby they fill up the 
gaps which we meet with in the various series formed by the 
fully developed organs of the body" (pp. 6-7). 
This recognition of the parallelism between comparative 
anatomy and embryology is, of course, the kernel of the 
Meckel-Serres law. For Gegenbaur it had a very definite 
evolutionary meaning--he subscribed to the evolutionary 
form of it, the biogenetic law. Hov near his conception of 
the relation between ontogeny and phylogeny came to the 
old Meckel-Serres law may be .gauged from the following 
passage, taken from a later work :--" Ontogeny thus 
represents, to a certain degree, paleeontological development 
abbreviated or epitomised. The stages which are passed 
through by higher organisms in their ontogeny correspond 
to stages which are maintained in others as the definitive 
organisation. These embryonic stages may accordingly be 
explained by comparing them with the mature stages of 
lower organisms, since ve regard them as forms inherited from 
ancestors belonging to such lower stages "1 (p. 6). 
It is worth noting that in Gegenbaur's opinion compara- 
a Grundriss der veregL Analomie, I874, 2nd ed., 1878. Trans. by 
F. Jeffrey Bell, revised by E. Ray Lankester, as Elemenls of Coaralive 
Analomy, London, 1878. 
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with the ancestral form, which remains essentially hypo- 
thetical" (p. 75)- 
The facts of development, Gegenbaur goes on to say, 
help us out greatly in our search for ancestral forms, for 
the early stages in the ontogeny of a highly organised animal 
give us some idea of the organisation of its original ancestor. 
Characters common to the early ontogeny of all the members 
of a large group are particularly important in this respect 
(cf. von Baer's law). 
Gegenbaur distinguishes homologous or morphologically 
equivalent structures from such as are analogous or physio- 
logically eqivalent, just as did Owen and the older anatomists. 
Like von 13aer he recognises holnologies, as a rule, only 
within the type. 
He contributed, however, to the common stock a useful 
analysis of the concept of homology, and established certain 
classes and degrees of it. He distinguished first between 
general and special homology, in quite a different sense 
fi'om Owen. 
General homology, in Gegenbaur's sense, relates to resem- 
blances of organs within the organism, and includes four 
kinds of resemblance, homotypy, homodynamy, homonomy 
and homonymy. Right and left organs are homotypic, 
metalneric organs are homodynamic ; homonomy is the rela- 
tion exemplified by fin-rays or fingers, which are arranged 
with reference to a transverse axis of the body; homonymy 
is a sort of metamerism in secondary parts (not the main 
axis) of the body, and is shown by the various divisions of 
the appendages (Grundiie, p. 80). 
Special homology, on the other hand, relates to re- 
semblances between organs in different animals. The 
interesting thing is that Gegenbaur defines it genetically. 
Special homology is the name we give "to the relations 
which obtain between two organs which have had a common 
origin, and which have also a common embryonic history" 
(Elements, p. 64). This is his definition; but, in practice, 
Gegenbaur establishes homologies by comparison just as 
the older anatomists did, and infers common descent from 
homology, not homology from common descent. 
"Special homology," he continues, "must be again separ- 



CHAPTER XV 

EARI,Y TIIEORIES ON TIlE ORIGIN OF VERTEBRATES 

ItAECKEL and Gegenbaur set the fashion for phylogenetic 
speculation, and up to the middle 'eighties, when the voice 
of the sceptics began to make itself heard, the chief 
concern of the younger morphologists was the construction 
of genealogical trees. The period from about I865 to 1885. 
might well be called the second speculative or transcendental 
period of morphology, differing only from the first period of 
transcendentalism by the greater bulk of its positive 
achievement. It must be remembered that the later 
workers (at least towards the end of this period) had 
immense advantages over their predecessors in the matter 
of equipment and technique; they possessed well-fitted 
laboratories in the university towns and by the sea; 
they had at their command perfected microscopes and 
microtomes; while the whole new technique of micro- 
scopical anatomy with its endless variety of stains and 
reagents made it possible for the tyro to confirm in a day 
what von Baer and Mtiller had taken weeks of painful 
endeavour to discover, x But the democratisation of 
morphology which folloved upon the facilitation of its 
means of research left an evil heritage of detailed and 
unintelligent work to counterbalance the very great and real 
advances which technical improvements alone rendered 
possible. 
This period af rapid development, which set in soon 
after the coming of evolution and multiplied the concrete 
1 The stages in the development of microscopical technique are well 
summarised by R. Burckhardt, Geschichte der Zoologie, p. 2, Leipzig 
 9o7. 
268 
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facts of morphology an hundredfold, may for our present 
purpose be conveniently divided into two somewhat 
overlapping periods, of which the second may be said to 
begin with the enunciation by Haeckel of his Gastraa theory. 
Within the first period fall the evolutionary speculations 
associated with the names of Kowalevsky, Dohrn, Semper, 
and others; the characteristic of the second period is the 
preponderating influence exercised upon phylogenetic 
speculations by the germ-layer doctrine in its two main 
evolutionary developments, the Gastraea and Ccelom 
theories. 
In the first period we might again distinguish two main 
tendencies, according as speculations were based rriainly 
upon anatomical or mainly upon embryological considera- 
tions, and it so happens that these two tendencies are very 
vell illustrated by the various theories as to the origin of 
Vertebrates which began to appear towards the 'seventies. 
\Ve shall accordingly, in this chapter, consider very briefly 
the history of the earlier views on the phylogeny of the 
vertebrate stock. 
In the early days, before the other claimants to the 
dignity of ancestral form to the Vertebrates--Eala,wglossus, 
Nemertines and the rest--had put in an appearance, there 
were two main views on the subject, one upheld by Haeckel, 
Kowalevsky and others, to the effect that the proximate 
ancestor of Vertebrates was a form somewhat resembling the 
ascidian tadpole, the other supported principally by Dohrn 
and Semper that Vertebrates and Arthropods traced their 
descent to a common segmented annelid or pro-annelid 
ancestor. The former view is historically prior, and arose 
directly out of the brilliant embryological investigations of 
A. Kowalevsky, who proved himself to be a worthy successor 
of the great comparative embryologist Rathke. His work 
was indeed a true continuation of Rathke's. It was not 
directly inspired by evolution, though it supplied much 
useful confirmation of the theory--you may read 
Kowalevsky's earlier memoirs and not realise that they were 
written several years after the publication of the Origi, l of 
S,ccies. 
His first paper of evolutionary importance was a note in 
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Russian on the development of Amphioxus, published in 
I865. This subject was followed up in two papers which 
appeared in I867 1 and I877. 2 In his papers on Amphioxus 
Kowalevsky made out the main features in the develop- 
ment of this primitive form, and showed that the chief 
organs vere formed in essentially the same vay as in 
Vertebrates; he described the formation of the archenteron 
by invagination, the appearance of the medullary folds, 
which coalesced to form the neural canal, the formation of 
the notochord and of the gill-slits. At first he made the 
mistake of supposing that the body-cavity arose from the 
segmentation-cavity, but in his later paper he rightly sur- 
mised that it vas formed from the cavities of the " primitive 
vertebrm," or mesodermal segments. The origin of the 
notochord from the endoderm was also not made out by 
Kowalevsky in his paper of I867. 
Although many important details remained to be 
discovered by later investigators, 3 Kovalevsky's work at 
once made the development of Amphioxus the key 
to vertebrate embryology, the typical ontogeny vith which 
all others could be compared. 
Meamvhile, in I866 and I87I, Kowalevsky had communi- 
cated nemoirs of even greater interest, 4 in which he shoved 
that the simple Ascidians developed in an extraordinarily 
similar way to Amphioxus and hence to Vertebrates in 
general. His proof that Ascidians also develop on the 
vertebrate type aroused great interest at the time, and 
was naturally acclaimed by the evolutionists as a striking 
piece of evidence in favour of their doctrine. The 
systematic position of the Ascidians was at that time 
quite uncertain; they were grouped, as a rule, with the 
Mollusca, and certainly no one suspected that their vell- 
1 ,, Entvickelungsgeschichte des Amphioxus lanceolatus," lldm. Acad. 
ScL St Pdtersbourg (Petrograd) (vii.), xi., No. 4, 867, 17 pp., 3 pls. 
2 " \Veitere Studien ii. die Entwickelungsgeschichte des Arnphioxus 
lanceolatus," trch. lriir mikr. Anal., xiii., pp. xSt-2o4, I877. 
 Particularly by Hatschek (I88I) and Boveri (x892). 
4 ,,Entwickelungsgeschichte der einfachen Ascidien," 3ldm. 4cad. 
Sci. St tdtersbour (Petrograd), (vii.), x., No. 5, 866, 9 PP-, 3 pls. 
"Weitere Studien ti. die Entwicklung der einfachen Ascidien, ' Arcl.f. 
mikr. Anat. vii., pp. IOi-i3o , i87i. 



FIG. I3.--Development of the Ascidian Larva. (After Kowalevsky ) 
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medial coalescence of a pair of gill-slits. 1 Probably the two 
mouths at one period co-existed, and the older one was 
ousted by the growing functional importance of the newer 
mouth. 
The gill-slits were considered by Dohrn to be derived 
from the segmental organs of Annelids, which were present 
originally in every segment of the primitive ancestor. The 
gills were at first external, like the gills of many Chatopods 
at the present day. For their support cartilaginous gill-arches 
naturally arose in the body-wall, and the superficial muscu- 
lature became attached to these bars. " There existed in all 
the segments of the Annelid-ancestors of Vertebrates gills 
with cartilaginous skeleton and gill-arches in the body wall. 
Each gill had its veins and arteries, each had its branch of 
the ventral nerve-cord, and between each successive pair of 
gills a segmental organ opened to the exterior " (p. I4, 875). 
The paired fins and limbs of the Vertebrate arose by the 
functional transformation of two pairs of these gills. The 
anterior gills became the definitive internal gills of the 
Vertebrate, for they graduall.v shifted into the mouths of the 
anterior segmental organs, which had already acquired an 
opening into the pharynx and had been transformed iuto 
true gill-slits. The posterior gills degenerated and disap- 
peared, but their arches remained as ribs. Gill-arches and 
ribs were accordingly homologous structures and formed 
a tarictal skeleton. The vertebrate anus, like the mouth, 
was probably secondary and formed-from a pair of gill-slits, 
th post-anal gut of vertebrate embryos hinting that the 
original anus was terminal as in Annelids. The unpaired fins 
of fish were originally paired and possibly arose from the 
coalescence of rows of parapodia. Dohrn assumed also that 
the primitive Annelid ancestor must have possessed a 
notochord to give support in swimming. 
If Vertebrates arose from primitive Annelid ancestors, 
how account for Amphioxus and the Ascidians, which seem to 

x Leydig (Uon taue des lMerischen Iffiirpers, Ttibingen, 1864) , who, 
in a measure, forestalled Dohrn and Semper by comparing Vertebrates 
with reversed Arthropods, specially insects, supposed the old mouth to 
pass between the crura cerebra. 
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it, the physiological, orientation of his principle, and he 
rightly regarded this as one of its chief merits, lie held 
that morphology became too abstract and one-sided if 
it disregarded physiology completely; he saw clearly that 
the evolution of function was quite as important a problem 
as the evolution of form, and that neither could be solved in 
isolation from the other. "The concept of function-change 
is purely physiological ;" he writes, "it contains the elements 
out of which perhaps a history of the evolution of function 
may gradually arise, and for this very reason it will be 
of great utility ill morphology, for the evolutionary history of 
structure is only the concrete projection of the content 
and course of the evolution of function, and cannot be com- 
prehended apart from it" (p. 70). 1 
It is very instructive in this connection to note that 
Dohrn vas not, like so many of his contemporaries, a 
dogmatic materialist, but upheld the commonsense view that 
vital phenomena must, in the first instance at least, be 
accepted as the)- are. " It is for the time being irrelevant," he 
writes, "to squabble over the question as to whether life is a 
result of physico-chemical processes or an original property 
(Urqualitiit) of all being.. Let us take it as given" 
(P-75). 

Semper's speculations on the genetic affinity of Articu- 
lates and Vertebrates are contained in two papers" which 
appeared about the same time as Dohrn's. He openly 
acknowledges that his work is essentially a continuation 
of Geoffroy's transcendental speculations, and gives ill 
his second paper a good historical account of the views of his 
great predecessor. It is a significant fact that evolutionary 
morphologists very generally held that Geoffroy vas right in 
maintaining against Cuviera the unity of plan of the vhole 

t Cf Metschnikoff, Quart. Journ. 3Iicrosc. ScL, xxiv., pp. 89-III, 
I884. 
a -Die Stamnlesvervandschaft der Wirbelthiere und \Virbellosen," 
Arb. zooL-zool. Inslit. llTiirzbur, ii., pp. 25-76 , I875; "Die Verwand- 
schaftsbeziehungen der gegliederten Thiere," laid., iii., pp. 
876-7. 
3 Abuse of Cuvier also dates from the early days of evolution, see 
R,-idl, ii., pp. I2-I 7. 
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animal kingdom, for they sav in this a strong argument for 
the monophyletic descent of all animals from one common 
ancestral form. 
In his first paper Semper does little more than break 
ground; he insists on the fact that both Annelids and 
Vertebrates are segmented animals, and he points out how 
close is the analogy between the nephridia or "segmental 
organs" of the former and the excretory (rnesonephric) 
tubules of the latter, upon which he published in the same 
volume an extensive memoir. At this time he considered 
alazoglossts--by reason of its gill-slits (its notochord he 
did not know)--to be the nearest living representative of the 
ancestral form of Vertebrates and Annelida. 
His second paper is a more exhaustive piece of work 
and deals with every aspect of the problem, both from an 
anatomical and from an embryological standpoint. It is 
consciously and admittedly an attempt to apply Geoffroy's 
principle of the unity of plan and composition to the three 
great metameric groups, the Annelida, Arthropoda, and 
Vertebrata. Semper follows Geoffroy's lead very closely in 
maintaining that it is not the position of the organs relative 
to the ground that must be taken into account in establishing 
their homologies, but solely their spatial relations one to 
another. He holds that dorsum and venter are terms of 
purely physiological import, and he proposes to substitute for 
them the terms neural and cardial (better, hmal) surfaces, 
either of which may be either dorsal or ventral in position. 
Having established this primary principle, Semper has 
little difficulty in showing that the main organs of the body 
lie to one another in the same relative positions in Annelida, 
Arthropoda, and Vertebrata; and this, together with the 
metameric segmentation common to them all, constitutes 
his first great argument in favour of their genetic relationship. 
But he has still to show that Annelids possess at least the 
rudiments of certain organs which seem to be peculiar to 
Vertebrates, as the gill-slits, the notochord, and a nervous 
system developed from the ectoderm of the "dorsal" surface. 
He takes particular cognisance also of the old distinction 
drawn by von Baer, that Vertebrates show a "double- 
symmetrical" mode of development (evolutio bigemina), the 
T 
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htemal .muscle-plates grow out dorsally round the alimentary 
canal and the neural muscle-plates ventrally round the 
nerve-cord (see Fig. 4). 
This strand of cells, he concludes, must clearly be the 
notochord, and the type of development is obviously the 
double-symmetrical met with in Vertebrates. 
The nervous system Semper found to develop in the 
buds of 2Vais and Chcetogaster by an ectodermal thickening, 
just as in some Vertebrates. The cerebral ganglion xvas 
formed by the ends of the nerve-cord growing up round the 
oesophagus and fusing xvith the paired "sense-plates" which 
develop from the ectoderm of the head. The cerebral 
ganglion is accordingly only secondarily hmmal in position, 
and there is no need therefore to seek in Vertebrates for the 
homologue of the oesophageal commissures of Annelids, as, 
for instance, Schneider did. 
Since the mouth opens on the neural surface in Annelids 
arid on the h,'emal surface in Vertebrates, Semper considers 
that they cannot be equivalent structures, and he finds the 
homologue of the Vertebrate mouth in a little pit on the 
haemal surface of the head in the leech Clepsiw (also in the 
true mouth of Turbellaria and the proboscis-opening in 
Nemertines). The primitive Annelid mouth, however, does 
not appear in the embryogeny of Vertebrates, for the great 
development of the brain crowds it out of existence. 
The homologues of the gill-slits Semper finds in two 
little canals in the head of Chwtogastcr, xvhich open from the 
pharynx to the exterior. In Sabellids he describes an 
elaborate system of gill-canals, with a supporting 
cartilaginous framework which forms a real Ix'iemenkorb 
or gill-basket, comparable with that of Amphioxus. 
Gill-slits, notochord, relation of nervous system, meso- 
nephric tubules, are thus common to Annelids and Vertebrates 
what further proof could one desire of the close relation- 
ship of these groups? Yet Semper enters into refinements 
of comparison, seeing, for instance, in the lateral portions of 
the ventral ganglia (Fig. 4, s/.g-.) the homologues of the 
spinal ganglia of Vertebrates, and comparing the lateral line 
of sense organs in Annelids xvith the lateral line in Anamnia. 
He xvill not admit that Amphioxus and the Ascidians 
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vhich possess both structures, is for the first time clearly 
brought out. The derivation of all the Metazoa from a single 
ancestral form, the Gastrma, leads to the conclusion that the 
types are not distinct from one another as Cuvier and von 
Baer supposed, but agree in the one essential point, in the 
possession of an archeJtero (Lankester, I875), and an 
ectoderm and endoderm which are homologous throughout 
all the Metazoan phyla. Finally, in the separation of the 
sponges, Ccelenterata and Accelomi as animals lacking a body 
cavity or cceloml from the four higher phyla, which are 
essentially Ccelomati, there is contained the germ of a 
conception which later became of importance. 
Sommvhat similar vievs as to the importance .of the 
germ-layer theory for the phylogenetic classification of 
animals were published by Sir E. Ray Lankester in I873.  
He distinguished three grades of animals--the Homoblastical 
Diploblastica, and Triploblastica. The first included the 
Protozoa, the second the Ccelenterata, the third the other 
five phyla, distinguished by the possession of a third layer, 
the mesoderm, and a "blood-lymph" cavity enclosed therein. 
He used the germ-layer theory to prove the essential unity 
of type of all the Triploblastica. 
The Gastraea theory gave point and substance to the 
biogenetic law, and enabled Haeckel to state much more 
concretely the parallelism existing between ontogeny and 
phylogeny. He vas able to assert that five primordial 
stages, each representing a primitive ancestral form, recurred 
with regularity in the very earliest development of all 
Metazoa. a These were the monerula, cytula, morula, blastula, 
and gastrula (see Fig. I5). The monerula was the fertilised 
ovum after the disappearance of the germinal vesicle;* 
it was the equivalent of the primordial anucleate Monera 

a Term first introduced in Die Kalkschw;immc, p. 468, I872. 
'-" "On the Primitive Cell-layers of the Embryo as the Basis of 
Genealogical Classification of Anilnals, and on the Origin of Vascular 
and Lymph Systems," Ann. 3fag. Nat. Hist. (4), xi., pp. 3"x-38, I873. 
a First distinguished in Die l'alkschwli,nme, i., p. 465. 
 Even in the 'seventies it was still believed by many that the egg- 
nucleus disappeared on fertilisation. The true nature of the process was 
not fully made out till I875, vhen O. Hertvig observed the fusion of egg- 
and sperm-nuclei in Toa'o2bneusles (3Iorik. Jahrb., i., I876). 
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origin of the txvo-layered sac which was very generally 
admitted to be of constant occurrence in early embryogeny. 
Ray Lankester, in his paper of 1873, and more fully in I877, a 
propounded a "PIanula" theory, according to which the 
ancestral form of the Metazoa was a two-layered closed sac 
formed typically by delamination, less often by invagination. 
He denied that the invagination opening (which he 
named the blastopore) represented the primitive mouth,  
holding that this was typically formed by an "inruptive" 
process at the anterior end of the planula: which led to the 
formation of a "stomod,um." A similar process at the 
posterior end gave rise to the anus and the "proctodaeum." 
The question as to whether dclamination or invagination 
was to be considered the more primitive process was 
discussed in detail by Balfour, s without, however, any very 
definite conclusion being reached. He held that both 
processes could be proved in certain cases to be purely 
secondary or adaptive, and that accordingly there was 
nothing to show that either of them reproduced the original 
mode of transition from the Protozoa to the ancestral 
two-layered Metazoa (p. 342). He by no means rejected 
the theory that the Gastraa, "however evolved, was a 
primitive form of the Metazoa," but, having regard to the 
great variations shown in the relation of the blastopore to 
mouth and anus (pp. 34o-I), he was inclined to think that 
if the gastrula had any ancestral characters at all, these 
could only be of the most general kind. Balfour's attitude 
perhaps best represents the general consensus of opinion with 
regard to the Gastraea theory. 
From the same origins as the Gastrma theory arose the 
theory of the ccelom. The term dates back to Haeckel in 
I872, and the observations which first led up to the theory 
were made by the men who supplied the foundations of the 
Gastraea theory--A. Agassiz, Metschnikoff and Kowalevsky. 
a "Notes on the Embryology and Classification of the Animal 
Kingdom," Q.J.M.S. (n.s.), xvii., pp. 399-454, x877. 
 It was "part of the non-historic mechanism of growth" (loc. cir., p. 
4x8). 
 Treatise on Comjbarative Embryology, ii., chap. xiii., I88I. For 
a modern .discussion of this problem, see Hubrecht, Q.].AI.S., xlix., 
9o6. 
U 
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a lengthy series of monographs these workers made a 
comparative study of the mode of formation of the middle 
layer, and arrived at a coherent theory of its origin. They 
distinguished in the middle layer two quite distinct elements, 
the mesoblast proper, formed by the evagination of the 
walls of the archenteron, and the mesenchyme, formed by 
free cells budded off from the germ-layers. The follow- 
ing passage gives a good idea of their views and of 
the phylogenetic implications involved :--"Ectoblast and 
entoblast are the two primary germ-layers which arise from 
the invagination of the blastula; they are always the first 
to be laid down, and they can be directly referred back to 
a simple ancestral form, the Gastraa ; the). form the limits 
of the organism towards the exterior and towards the arch- 
enteron. The parietal and visceral mesoblast, or the two 
middle layers, are always of later origin, and arise through 
evagination or plaiting of the entoblast, the remainder of 
which can now be distinguished as secondary entoblast 
from the primary. They form the walls of a new cavity, the 
enteroccel, which is to be regarded as a nipped-offdiverticulum 
of the archenteron. Just as the two-layered animals can be 
derived from the Gastr,'ea, so can the four-layered animals 
be derived from a Colom form. Embryonic cells, which 
become singly detached from their epitheliar connections 
we consider to be something quite different from the germ- 
layers, and accordingly we call them by the special name of 
mesenchyme germs or primary cells of the mesenchyme. 
They may develop both in two-layered and in four-layered 
animals. Their function is to form between the epithelial 
limiting layers a secreted tissue (Secretgewebe) or connective 
tissue with scattered cells, which cells can undergo, like the 
epithelial elements, the most varied modifications .... This 
secreted tissue in its simple or in its differentiated state, 
with all its derivatives, we call the mesenchyme " (p. I22). 
The important point for us is that, just as all Metazoa 
,were considered by Haeckel to be descended from the Gastraa, 
so all Ccelomati were held by the Hertwigs to be derived from 
an original ccelomate Uform. In both cases an embryo- 
logical archetype becomes a hypothetical ancestral form. 
The Ccelom theory was considerably modified, extended 
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In 88z, before the publication of Sedgwick's papers, 
A. Langl had put forward the somevhat similar view that 
the stomach-diverticula of the Turbellaria, which he had found 
to be segmentally arranged in certain Triclads, were the 
morphological equivalents of the enteroccelic pouches of 
higher animals. This viev, however, he soon gave up.  
Sedgwick's views found a supporter in A. A. W. I lubrecht,'* 
vho utilised them ill connection both vith his speculations 
on the relation of Nemertines to Vertebrates, and with his 
exhaustive work on the early development of the Mammalia. 
He postulated as the far-back ancestor of Vertebrates, "an 
actinia-like, vermiform being, elongated in the direction of 
the mouth-slit" (p. 4o, 9o6), and derived the central nervous 
system from the circum-oral ring of this primitive form, the 
notochord from its stomodmum, and the ccelom fi-om the 
peripheral parts of the gastric cavity (p. 69, 9o9). 
 "Der Bau yon Gunda segmentata, ' 3Iillh. Zool. Slat. Nealb. , iii., 
pp. 187-25o , I882. 
2 "Die Polycladen," Fauna u. Flora des Golfes yon lVeacl, Monog. 
v., Leipzig, 1884, and ' Beitriige zu einer Trophocce[theorie,".Zen. Zeils., 
xxxviii., pp. 1-373, 19o 4 (which see for a modern account of theories of 
metamerism). 
 ". Die Ahstammung der Anneliden u. Chordaten,"j'en. Zeils., xxxix., 
pp. 151-76, 19o 5. "The Gastrulation of the Vertebrates," Q.,[.3I.S., 
xlix., pp. 4o3-i9, 19o6. "Early Ontogenetic Phenomena in lXlalnmals," 
Q.J.A[.S., liii., pp. 1-r8, r9o 9. . 



CHAPTER XVII 

TIIE ORGANISM AS AN IIISTORICAL BEING 

"OF late the attempt to arrange genealogical trees involving 
hypothetical groups has come to be the subject of some 
ridicule, perhaps deserved. But since this is what modern 
morphological criticism in great measure aims at doing, it 
cannot be altogether profitless to follow this method to its 
logical conclusions. That the results of such criticism must 
be highly speculative, and often liable to grave error, is 
evident." 
The quotation is from Bateson's paper of 886, and it is 
symptomatic of the change which was soon to come over 
morphological thought. Nexv interests, nmv lines of work, 
began to usurp the place vhich pure morphology had held 
so long. 
This is accordingly a convenient stage at which to take 
stock of xvhat has gone before, to consider the relation of 
evolutionary morphology to the transcendental and the 
Cuvierian schools of thought which preceded it, and to 
make clear what nmv element evolution-theory added to 
morphology. 
The close analogy between evolutionary and transcendental 
morphology has already been remarked upon and illustrated 
in the last three chapters. We have seen that the coming of 
evolution made comparatively little difference to pure 
morphology, that no new criteria of homology were intro- 
duced, and that so far as pure morphology was concerned, 
evolution might still have been conceived as an ideal process 
precisely as it was by the transcendentalists. The principle 
of connections still remained the guiding thread of morpho- 
logical xvork; the search for archetypes, whether anatomical 
809. 
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or embryological, still continued in the same vay as before, 
and it was a point of subordinate importance that, under the 
influence of the evolution-theory, these were considered to 
represent real ancestral forms rather than purely abstract 
figments of the intelligence. The law of Meckel-Serres vas 
revived in an altered shape as the law of the recapitulation of 
phylogeny by ontogeny; the natural system of classifica- 
tion vas passively inherited, and, by a pclitio prizcipii, taken 
to represent the true course of evolution. It is true that the 
attempt was made to substitute for the concept of homology 
the purely genetic concept of homogeny, but no inkling was 
given of any possible method of recognising homogeny other 
than the well-worn methods generally employed in the search 
after homologies. 
There was a close spiritual affinity between the speculative 
evolutionists and the transcendentalists. Both shmved the 
same subconscious craving for simplicist conceptions--the 
transcendentalists clung fast to the notion of the absolute 
unity of type, of the ideal existence of the "one animal," and 
the evolutionists did precisely the same thing when they 
blindly and instinctively accepted the doctrine of the 
monophyletic descent of all animals from one primeval torm. 
Geoffroy persisted in regarding Arthropods as being built on 
the same plan as Vertebrates: Dohrn and Semper did 
nothing different when they derived both groups from an 
ancestor combining the main characters of both. The 
determination to link together all the main phyla of the 
animal kingdom and to force them all into a single mould 
was common to evolutionary and pre-evolutionary trans- 
cendentalists alike. 
From the fact that all Metazoa develop from an ovum 
which is a simple cell, the evolutionists inferred that all 
must have arisen from one primordial cell. From the fact 
that the next step in development is the segmentation of 
the ovum, they argued that the ancestral Metazoa came into 
being through the division of the primal Protozoon with 
aggregation of the division-products. From the fact that a 
gastrula stage is very commonly formed when segmentation 
has been completed, they assumed that all germ-layered 
animals were descended from an ancestral Gastraa. 
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They quite ignored the possibility that a different 
explanation of the facts might be given; they seized upon 
the simplest and most obvious solution because it satisfied 
their overwhelming desire for simplification. But is the 
simplest explanation always the truest--especially when 
dealing with living things ? One may be permitted to doubt 
it. It is easy to account for the structural resemblance of 
the members of a classificatory group, by the assumption 
that they are all descended from a common ancestral form ; 
it is easy to postulate auy number of hypothetical generalised 
types; but in the absence of positive evidence, such 
simplicist explanations must always remain doubtful. The 
evolutionists, however, had no such scruples. 
l'hylogenetic method differed in no way from transcen- 
dental-except perhaps that it had learnt from yon Baer 
and from Darwin to give more weight to embryology. 
The criticisms passed by Cuvier and von Baer upon the 
transcendentalists and their recapitulation theory might with 
equal justice be applied to the phylogenetic speculations 
which were based on the biogeuetic laxv. There xvas the 
same tendency to fix upon isolated points of resemblance 
and disregard the rest of the organisation. Thus, on the 
ground of a presumed analogy of certain structures to the 
vertebrate notochord, several invertebrate groups, as the 
Enteropneusta, the Rhabdopleura, the Nemertea, were 
supposed tO be, if not ancestral, at least offshoots from the 
direct line of vertebrate descent. And if other points of 
resemblance could in some of these cases be discovered, yet 
no successful attempt was made to show that the total 
organisation of any of these forms corresponded with that of 
the Vertebrate type. With the possible exception of the 
Ascidian theory, all the numerous theories of vertebrate 
descent suffered from this irremediable defect, and none 
carried complete conviction. 
In spite of the efforts of the evolutionists, as of those 
of the transcendentalists, the phyla or "types" remained 
distinct, or at best connected by the most general of 
bonds. 
The close affinity of transcendentalists and evolutionists 
is shown very clearly in their common contrast in habits of 
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thought with the Cuvierian school. It is the cardinal principle 
of pure morphology that function must be excluded from 
consideration. This is a necessary and unavoidable simplifi- 
cation which must be carried out if there is to be a science of 
pure form at all. Btt this limitation of outlook, if carried 
over from morphology to general biology becomes harmful, 
since it vilfully ignores one whole side of life--and that the 
most important. The functional point of view is clearly 
indispensable for any general understanding of living things, 
and this is where the Cuvierian school has the advantage 
over the transcendental--its principles are applicable to 
biology in general. 
Geoffroy and Cuvier in pre-evolutionary times well 
typified the contrast between the formal and the functional 
standpoints. For Gcoffroy form determined function, while 
for Cuvier function determined form. Geoffroy held that 
Nature formed nothing new, but adapted existing " materials 
of organisation" to meet new needs. Cuvier, on the other 
hand, was always ready to admit Nature's power to form 
entirely new organs in response to new functional 
requirements. 
The evolutionists folloved Geoffroy rather than Cuvier. 
They laid great store by homological resemblances, and 
dismissed analogies of structure as of little interest. They 
vere singularly unvilling to admit the existence of 
convergence or of parallel evolution, and they held very 
firmly the distinctively Geoffroyan viev that Nature is so 
limited by the unity of composition that she can and does 
form no new organs. 
By no one has this underlying principle of evolutionary 
morphology been more explicitly recognised than by 
Hubrecht, who in his paper of 887, after summarising the 
points of resemblance between Nemertines and Vertebrates 
vhich led him to assume a genetic connection between 
them, writes as follows :--" At the base of all the speculations 
contained in this chapter lies the conviction, so strongly 
insisted upon by Darwin, that nO, v combinations or organs 
do not appear by the action of natural selection unless others 
have preceded, from which they are gradually derived by a 
slov change and differentiation. 
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admit the creative power of life? Dohrn, for instance, was 
fully aware of the great transforming influence exerted by 
function upon form--his theory of FcNoswcchsel regards 
as the most powerful agent of change the activity of the 
animal, its effort to make the best use of its organs, to apply 
them at need in new ways to meet new demands. Why 
then did he not go a step further and admit that the animal 
could by its own subconscious efforts form entirely new 
organs? \Vhy did most morphologists join with him in 
belittling the organism's power of self-transformation ? 
The reasons seem to have been several. There is first 
the fundamental reason, that the idea of an active creative 
organism is repugnant to the intelligence, and that we try 
by all means in our power to substitute for this some other 
conception. In so doing we instinctively fasten upon the 
relatively less living side of organisms--their routine habits 
and reflexes, their routine structure--and ignore the essential 
activity which they manifest both in behaviour and in form- 
change. 
We tend also to lay the causes of form-change, of 
evolution, as far as possible outside the living organism. 
With Darwin we seek the transforming factors in the 
environment rather than withiu the organism itself. We 
fight shy of the Lamarckian conception that the living thing 
obscurely works out its own salvation by blind and instinctive 
effort. We like to think of organisms as machines, as 
passive inventions I gradually perfected from generation to 
generation by some external agency, by environment .or by 
natural selection, or what you will. All this makes us chary 
of believing that Nature is prodigal of new organs. 
Other causes of the umvillingness of morphologists to 
admit the new formation of organs are to be sought in the 
main principle of pure morphology itself, that the unity of 
plan imposes an iron limit upon adaptation, and in the 

 From this point of view there is a very profound analogy between 
artificial and natural selection. Upon the theory of natural selection 
organisms are lifeless constructs which are mechanically perfected by 
external agency, just as machines are improved by a process of conscious 
selection of the most successful among a number of competing models. 
(C/. passage quoted below, on p. 3o8.) 
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achieved. Homologies were considered nore interesting 
than analogies, vestigial organs more interesting than fcetal 
and larval adaptations. Convergence was anathema. The 
dead-xveight of the past was appreciated at its full and more 
than its full value; and the essential vital activity of the 
living thing, so clearly shown in development and regeneration, 
vas ignored or forgotten. 
But evolutionary morphology for all practical purposes 
vas a development of pure or idealistic morphology, and vas 
powerless to bring to fruit the nmv conception with which 
evolution-theory had enriched it. The reason is not far to 
seek. l'ure morphology is essentially a science of comparison 
which seeks to disentangle the unity hidden beneath the 
diversity of organic form. It is not immediately concerned 
with the causes of organic diversity--that is rather the task 
of the sciences of the individual, heredity and development. 
To take an example--the recapitulation theo D, may legitim- 
ately be used as a lav of pure morphology, as stating the 
abstract relation of ontogeny to phylogeny, and the probable 
line of descent of any organism may be deduced from it, as 
a mere matter of the ideal derivation of one form from 
another; but an explanation of the reason for the recapitula- 
tion of ancestral history durifig development can clearly not 
be given by pure morphology unaided. From the fact that 
the common starfish shows in the course of its development 
distinct traces of a stalk  it is possible to infer, taking other 
evidence also into consideration, that the ancestors of the 
starfish were at one stage of their existence stalked and 
sessile organisms. But this leaves unanswered the question 
as to how and why the starfish does still repeat after so many 
millions of years part of the organisation of one of its remote 
ancestors. \Vhy is this feature retained, and by what means 
has it been conserved through countless generations? It is 
clear that the answer can be given only by a science of the 
causes of the production and retention of form, by a 
causal morphology, based upon a study of heredity and 
development. 
From the point of view of the pure morphologist the 
recapitulation theory is an instrument of research enabling 
 J. F. Gemmill, Phil. Trans. ', ccv., p. 55, 194. 
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him to reconstruct probable lines of descent; from the 
standpoint of the student of development and heredity the 
fact of recapitulation is a difficult problem whose solution 
would perhaps give the key to a true understanding of the 
real nature of heredity. 
To make full use of the conception of the organism as an 
historical being it is necessary then to understand the causal 
nexus between ontogeny and phylogeny. 
We shall see in the next chapter that the transformation 
of morphology from a comparative to a causal science did 
take place towards the end of the century, and that some 
progress was made toxvards an understanding of the relation 
between individual development and ancestral history, par- 
ticularly by Roux and Samuel Butler, working xvith the 
fruitful Lamarckian conception of the transforming power of 
function. 
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TIlE BEGINNINGS OF CAUS\L IIORPtlOLOG\" 

UNTIL well into the 'eighties animal morphology remained a 
purely descriptive science, content to state and summarise 
the relations between the coexistent and successive form- 
states of the same and of different animals. No serious 
attempt had been made to discover the causes which led to 
the production of form in the individual and in the race. 
It is true that evolution-theory had offered a simple 
solution of the great problem of the unity in diversity of 
animal forms, but this solution was formal merely, and went 
little beyond that abstract deduction of more complex from 
simpler forms, which had been the main operation of pre- 
evolutionary morphology. Little was known of the actual 
causes of ontogeny, and nothing at all of the causes of 
phylogeny; it was, for instance, mere rhetoric on Haeckel's 
part to proclaim that phylogeny was the mechanical cause of 
ontoeny. -- 
] Animal physiology, on its side, had developed in complete 
isolation from morphology into_a science of tle functin-n, 
of the adult nd finished animal, considered as-a morcor 
less stable physico-chemical mechanism. Since the days of 
Ludwig, Claude Bernard a1d E. du Bois eymond, the 
physiologists' chief care had been to analyse vital activities 
into their component physical and chemical processes, and 
to trace out the interchange of matter and energy between 
the organism and its environment. Physiologists had left 
untouched, perhaps wisely, the much more difficult problem 
of the causes of the development of form. For all practical 
purposes they took the animal-machine as given, and did 
not trouble about its mode of origin. They hld indeed 
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function, in the second period the function forms the organ, 
or at least completes its differentiation. It is characteristic 
that in the first period functionally adapted structure appears 
in the complete absence of the functional stimulus. 
The explanation of the difference between the two 
periods is to be found in the different evolutionary history of 
the characters formed during each. First-period characters 
are i,le,-ited characters, and taken together constitute the 
historical basis of the organism's form and activity ; second- 
period characters are those of later acquirement which have 
not yet become incorporated in the racial heritage. 
Inherited characters appear in development in the 
absence of the stimulus that originally called them forth; 
acquired characters are those that have not yet freed 
themselves from this dependence upon the functional 
stimulus. First-period characters xvere originally, like 
second-period characters, entirely dependent for their 
development upon the functional stimuli in response to 
which they arose, ,and only gradually in the course of 
generations did the), gain that independence of the functional 
stimulus which stamps them as true inherited characters. 
Speaking of the formative stimuli vhich are active in second- 
period development, Roux xvrites :--" These stimuli can also 
produce new structure, which if it is constantly formed 
throughout many generations finally becomes hereditary, i.e., 
develops in the descendants in the absence of the stimuli, 
becomes in our sense embryonic" (p. I8o, I88X). Again, 
"form-characteristics which vere originally acquired in 
post-embryonic life through functional adaptation may be 
developed in the embryo xvithout the functional stimulus, and 
may in later development become more or less completely 
differentiated, and retain this differentiation without functional- 
activity or with a minimum of it. But in the continued 
absence of functional activity they become atrophied . . . 
and in the end disappear" (p. 2o, I88i). 
This conception of the nature of hereditary transmission 
is an important one, and constitutes the first big step towards 
a real unders}anding of the historical element in organic 
form and activity. It supplies a practical criterion for the 
distinguishing of "heritage" characters from acquired 
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xvith the least possible xvaste of the propelling power through 
frictional resistance. So, too, the spongy substance of the 
long bones is arranged in lamell which take the direction of 
the principal stresses and strains which fall upon the bones 
in action. 
Functional structure may be formed either in the first or 
in the second period of development, may be either inherited 
or acquired, but it reaches its full differentiation only in the 
second period, i.e., under the iufluence of functioning. 
Practically speaking, functional structure is directly 
dependent for its full development and for its continued 
conservation upon the exercise of the particular function 
which it serves. Iu the second period, but not in the first, 
increased use leads to hypertrophy of the functional structure, 
disuse to atrophy. 
From functional structure is to be distinguished non- 
functional structure, which has no relation to the bodily 
functions--is neither adapted to perform any of these, nor 
has arisen as a by-product of functional activity. "To this 
category belong, for example, among typical structures, 
the triaugular form of the cross-section of the tibia, 
the dolicocephalic or brachycephalic shape of the skull, 
most of the external characters distinguishing genera and 
species, many of the external features of the embryo which 
change in the course of development, besides most of the 
abnormal forms shown by monstrosities, tumours, etc." (p. 74, 
9IO). Non-functional structure is not affected by 
functional adaptation, and may accordingly be left out of 
consideration here. 
Nmv the influence of functioning upon the form and 
structure of an organ is twofold. There is first the immediate 
change brought about by the very act of functioning--for 
example, the shortening and thickening of skeletal muscles 
when they act. This is a purely temporary change, for the 
organ at once returns to its normal quiescent state as soon 
as it ceases to function. Such temporary functional change, 
brought about in the moment of functioning, is usually 
dependent for its initiation upon some neuro-muscular 
mechanism, though it may be elicited also by a chemical 
stimulus. It is thus always a phenomenon of"behaviour." 
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and independent of functioning; it implies a living and 
co-ordinated activity of the tissues and organs concerned, 
a power of active response to foreseen and unforeseen 
contingencies. Form is then not something fixed and 
congealed--it is the ever-changing manifestation of 
functional activity. "Since most of the structure and form 
of the blood-vessels arises in direct adaptation to function, 
the vessels of adult men and animals are no fixed structures, 
which, once formed, retain their form and structural build 
unchanged throughout life; on the contrary, they require 
even for their continued existence the stimulus of functional 
activity .... The fully formed blood-vessels are no static 
structures, such as they appear to be according to the 
teaching of normal histology, and such as they have long 
been taken to be. Observation and description of normal 
development never shows us anything but the visible side 
of organic happenings, the products of activity, and leaves 
us ignorant of the real processes of form-development and 
form-conservation, and of their causes" (p. IZS, I9O). 
The real thing in organisation is not form but activity. 
It is in this return to the Cuvierian or functional attitude 
to the problems of form that we hold Roux's greatest 
service to biology to consist. The attitude, however, seems 
to smack of vitalism, and Roux, as we have seen, is no 
vitalist. He holds that the marvellous and apparently 
purposive tissue-qualities which underlie all processes of 
functional adaptation have arisen" naturally," in the course of 
evolution, by the action of natural selection upon the various 
properties, useful and useless, which appeared fortuitously 
in the primary living organisms. He is, moreover, deeply 
imbued with the materialistic philosophy of his youth, and it 
is iudeed one of the chief characteristics of his system that he 
states the fundamental properties or qualities of life in 
terms of metabolism. A vital quality is for Roux a special 
process or mode of assimilation. The facully of "morpho- 
logical assimilation" whereby form is imposed upon formless 
chemical processes is the ultimate term of Roux's analysis 
"the most general, most essential, and most characteristic 
formative activity of life" (p. 63, I9O). 
\Ve have now to consider very briefly the early results 
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SAMUEL BUTLER AND TIIE MEMORY TIIEORIES OF 
HEREDITY 

WE have laid stress upon the distinction established by 
Roux between the two stages of development--the auto- 
matic and the functional--because of the light which it 
seems to throw upon the phylogenetic relation of form to 
function. We have poiuted out, too, the paramount r61e 
that function plays in Roux's theories of d. evelopment 
and heredity, and we have brought out the close kinship 
existing between his theory and that of Lamarck. For 
Roux, as for Lamarck, the function creates the organ, and it 
is only after long generations that the organ appears before 
the function. 
It so happened that just about the time when Roux's 
papers were beginning to appear a brilliant attempt was 
made by Samuel Butler to revive and complete the 
Lamarckian doctrine. 
A man of singular freshness and openness of mind, 
combining in an extraordinary degree extreme intellectual 
subtlety with a childlike simplicity of outlook, Butler was 
one of the most fascinating figures of the 9th century, tie 
was not a professional biologist, and much of his biological 
work is, for that reason, imperfect. But he brought to bear 
upon the central problems of biology an unbiassed and 
powerful intelligence, and his attitude to these problems, 
just because it is that of 5. cultivated layman, is singularly 
illuminating. 
He was not well acquainted with biological literature; 
he seems to have hit upon the main ideas of his theory of 
life and habit in complete independence of Lamarck, and 

385 
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old, and as imbued with an intense though unconscious 
memory of all that it has done sufficiently often to have 
made a permanent impression ; if this be so, we can answer 
the above questions perfectly vell. The creature goes 
through so many intermediate stages between its earliest 
-state as life at all, and its latest development, for the simplest 
of all reasons, namely, because this is the road by which it 
has always hitherto travelled to its present differentiation; 
this is the road it knows, and into every turn and up or down 
of which it has been guided by the force of circumstances 
and the balance of considerations " (pp. I25-6 ). 
The hypothesis explains also the way in which the 
orderly succession of stages in embryogeny is brought about, 
for we can readily understand that the embryo will not 
remember any stage until it has passed through the stage 
immediately preceding it. " Each step of normal develop- 
ment will lead the impregnated ovum up to, and remind it 
of, its next ordinary course of actiou, in the same way as we, 
when we recite a well-known passage, are led up to each 
successive sentence by the sentence which has immediately 
preceded it .... Though the ovum immediately after 
impregnation is instinct with all the memories of both 
parents, not one of these memories can normally become 
active till both the ovum itself and its surroundings are 
sufficiently like what they respectively were, when the 
occurrence now to be remembered last took place. The 
memory will then immediately return, and the creature will 
do as it did on the last occasion that it was in like case as 
now. This ensures that similarity of order shall be preserved 
in all the stages of development in successive generations" 
(pp. 297-8). 
Abnormal conditions of development will cause the 
embryo to pause and hesitate, as if at a loss what to do, 
having no ancestral experience to guide it. Abnormalities 
of development represent the embryo's attempt to make the 
best of an unexpected situation. Or, as Butler puts it, 
"\Vhen ... events are happening to it which, if it has the 
kind of memory we are attributing to it, would baffle that 
mmnory, or which have rarely or never been included in the 
category of its recollections, it acts precisely as a creatuz" acts 
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which only a fmv of the elements of the hand or foot come to 
full development. But whereas in forms with a normally 
developed hand, e.g. the tortoise and man, all the digits 
develop and differentiate at about the same rate, in forms 
which have in the adult reduced digits, e.g. the ostrich and 
the pith, these vestigial digits undergo a very slow and 
incomplete differentiation, while the others develop rapidly 
and completely. He draws a general distinction between 
organs that are phylogenetically progressive and such as 
are phylogenetically regressive, and seeks to prove that 
progressive organs show an ontogenetic acceleration and 
regressive organs a retardation) The acceleration or re- 
tardation affects not only the mass-growth of the organs, 
but also their histological differentiation. 
Now between progression and functioning and between 
regression and functional atrophy there is obviously a close 
connection. Loss of function is well known to be one of the 
chief causes of the degeneration of organs in the individual 
life, and on the other hand, as Roux has pointed out, all post- 
embryonic development is ruled and guided by functioning. 
It is thus in the long run functioning that brings about 
phylogenetic progression, absence of flnctional activity that 
causes phylogenetic regression. This comes about through 
the transmission of acquired functional characters, a trans- 
mission which Mehnert conceives to be extraordinarily 
accurate and complete. 
In general Mehnert adopts the functional standpoint of 
Cuvier, yon Baer, and Roux. His considered judgment as to 
the phylogenetic value of the biogenetic law closely resembles 
that formed by yon Baer, for he admits recapitulation only 
as regards the single organs, not as regards the organism as 
a whole. He has, however, much more sympathy with the 
 This law was foreshadowed by Reichert in 837 , when he wrote :-- 
" We notice in our investigation of embryos of different animal forms 
that it is those organs, those systems, which in the fully developed 
individual are peculiarly perfect, that in their earliest rudiments and also 
throughout the whole course of their development appear with the most 
striking distinctness" (Miiller's .4rcld% p. i35 , I837 ). See also his 
Enlwick. Koib [. nackl. Amibhib. , p. 198 , t838. So, too, Rathke notes how 
the elongated shape of the snake appears even in very early embryonic 
stages (Ent.wick. Nalter., p. 11 , 839 ). 
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Hertwig interprets this fact of the specific distinctness 
of closely allied embryos in the light of the preformistic 
conception of heredity. According to this view the whole 
adult organisation is represented in the structure of the 
germ-plasm contained in the fertilised ovum, from which 
it follows that the ova of two different species, and also their 
embryos at every stage of development, must be as distinct 
from one another as are the adults themselves, even though 
the differences may not be so obvious. If this be the case 
there can be no real recapitulation in ontogeny of the 
phylogeny of the race, for the egg-cell represents not the 
first term in phylogeny, but the last. The egg-cell is the 
organism in an undeveloped state; it has a vastly more 
complicated structure than vas possessed by the primordial 
cell from which its race has sprung, and it can in no way be 
considered the equivalent of this ancestral cell. 
Hertwig puts this vividly when he says that "the hen's 
egg is no more the equivalent of the first link in the phylo- 
genetic chain than is the hen itself" (p. I6o, I9O6 , b). 
If ontogeny is not a recapitulation of phylogeny, how is 
it that the early embryonic stages are so alike, even in 
animals of widely different organisation? Hertwig's answer 
to this is very interesting. He takes the vimv that many of 
the processes characterising early embryonic development 
are the means necessarily adopted for attaining certain ends. 
Such are the processes of segmentation, the formation of a 
blastula, of cell-layers, of medullary folds where the nervous 
system is a closed tube, the formation of the notochord as 
a necessary condition of the development of the vertebral 
column, and so on. "Looked at from this standpoint it 
cannot surprise us that in all animal phyla the earliest 
embryonic processes take place in similar fashion, so that 
we observe the occurrence both in Vertebrates and In- 
vertebrates of a segmentation-process, a morula-stage, a 
blastula and a gastrula. If now these developmental processes 
do not depend on chance, but, on the contrary, are rooted in 
the nature of the animal cell itself, we have no reason for 
inferring from the recurrence of a similar segmentation- 
process, morula, blastula, and gastrula in all classes of the 
animal kingdom the common descent of all animals from one 
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blastula-like or gastrula-like ancestral form. We recognise 
rather in the successive early stages of animal development 
only the manifestation of special laws, by which the shaping 
of animal forms (as distinct from plant forms) is brought 
about" (p. 78, 19o6, b). 
"The principal reason why certain stages recur in onto- 
geny With such constancy and always in essentially the same 
manner is that they provide under all circumstances the 
necessary pre-conditions through which alone the later and 
higher stages of ontogeny can be realised. The unicellular 
organism can by its very nature transform itself into a 
multicellular organism only by the method of cell-division. 
Hence, in all Metazoa, ontogeny must start vith a segmen- 
tation-process, and a similar statement could be made with 
regard to all the later stages" (p. 57, x9o6, a). 
Similarities in early development are therefore no evidence 
of common descent, and in the same vay the resemblances of 
adult animals, subsumed under the concepts of homology 
and the unity of plan, are not necessarily due to community 
of descent, but may also be brought about by the similarity 
or identity of the laws vhich govern the evolution of these 
animals. In the absence, therefore, of positive evidence as 
to the actual lines of descent (to be obtained only from 
palaeontology), homological resemblance (:annot be taken as 
proof of blood relationship, for homology is a wider concept 
than homogeny. The only valid definition of homology is 
that adopted in pre-evolutionary days, when those organs 
were considered homologous "which agree up to a certain 
point in structure and composition, in position, arrangement, 
and relation to the neighbouring organs, and accordingly 
possess identical functions and uses in the organism" ( p.  5 , 
 9o6, b). 
The concept of homology has thus a value quite 
independent of any evolutionary interpretation vhich may 
be superadded to it. " Homology is a mental concept 
obtained by comparison, which under all circumstances 
retains its validity, whether the homology finds its explana- 
tion in common descent or in the common lavs that rule 
organic development" (p. 5I, x9o6, b). As A. Braun long 
ago pointed out, " It is not descent which decides in matters 
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been found as fossils. The great classificatory groups are 
almost as distinct in early fossiliferous strata as they are at 
the present day. As Depdret says in his admirable book, 1 in 
the course of a presentation of the matured views of the 
great Karl von Zittel, " We cannot forget that there exist 
a vast number of organisms which are not connected by any 
intermediate links, and that the relations between the great 
divisions of the animal and vegetable kingdoms are much 
less close than the theory [of evolution] demands. Even 
thc Archmopteryx, the discovery of which made so much 
stir and appeared to establish a genetic relation between 
classes so distinct as 13irds ad Reptiles, fills up the gap 
only imperfectly, and does not indicate the point of bifurca- 
tiou of these two classes. Intermediate links are lacking 
between Amphibia and Reptiles. Mammals, too, occupy an 
isolated position, and no zoologist can deny that they are 
clearly demarcated from other Vertebrates; indeed, no fossil 
mammal is certainly known which comes nearer to the 
lower Vertebrates than does Ornithorhynchus at the present 
day" (p. IIS). 
To take a parallel from the Invertebrata, B. 13. Wood- 
ward,' after discussing the phylogeny of the Mollusca as 
worked out by the morphologists and comparing it with 
the probable actual course of the evolution of the group, as 
evidenced by fossil shells, sums up as follows :" The lacun 
in our knowledge of the interrelationships of the members 
of the various families and orders of Mollusca are slight, 
however, compared with the blank caused by the total 
absence from paleontological history of any hint of passage 
forms between the classes themselves, or between the 
Mollusca and their nearest allies. Nor is this hiatus confined 
to the Molluscan phylum ; it is the same for all branches of 
the animal kingdom. There is circumstantial evidence that 
transitional forms must have existed, but of actual proof 
none whatever. All the classes of Mollusca appear fully 
fledged, as it were. No form has as yet been discovered of 
which it could be said that it in any way approached the 
 Les Transformations du 2klonde animal, Paris, 19o 7. 
" "Malacology versus Palmoconchology," Proc. Afalacologqcal Soc., 
viii., pp. 66-83, 19o8. 
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the limbs and feet radiate in four diverse directions; they 
either becomefossorLd or adapted to digging habits, lmtaloria! 
or adapted to amphibious and finally to aqml/c habits, cursor/al 
or adapted to swift-moving, terrestrial progression, arboreal 
or adapted to tree life. Tree life leads, as its final stage, into 

FOSSORIAI.. 
Short-limbed, l)lantigradc, 
pentadactyl, unguiculate 
Stem. 
NATATORIAL. 
Amphibious. 
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[ Fish. 
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the parachute types of the flying squirrels and phalangers, 
or into the true flying types of the bats .... Similarly in 
the case of the teeth, insectivorous and omnivorous types 
appea_r to be more central and ancient than either the 
exclusively carnivorous or herbivorous types. Thus the 
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extremes of carnivorous adaptation, as in the case of the 
cats, of omnivorous adaptation, as in the case of the bears, 
of herbivorous adaptation, as in the case of the horses, or 
myrmecophagous adaptation, as in the case of the ant- 
"eaters, are all secondary" (loc. cir., pp. "3-4)- 

We have now reached the end of our historical survey of 
the problems of form. What the future course of morphology 
will be no one can say. But one may hazard the opinion 
that the present century wiil see a return to a simpler and 
more humble attitude towards the great and unsolved 
problems of animal form. Dogmatic materialism and dog- 
matic theories of evolution have in the past tended to blind 
us to the complexity and mysteriousness of vital phenomena. 
We need to look at living things with new eyes and a truer 
sympathy. We shall then see them as active, living, passion- 
ate beings like ourselves, and ve shall seek in our mor- 
phology to interpret as far as may be their form in terms 
of their activity. 
This is what Aristotle tried to do, and a succession of 
master-minds after him. We shall do well to get all the 
help from them we can. 
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